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wp:ekly  evening  meeting, 

Friday,  January  19. 

William  Robert  Grove,  Esq.  Q.C.  F.R^.  Vice-President, 

in  the  Chair. 

Professor  Faraday,  D.CL.  F.R.S. 
On  some  points  of  Magnetic  Philosophy. 

The  magnetic  and  electric  forms  of  power,  being  dual  in  their 
character,  and  also  able  to  act  at  a  distance,  will  probably  aid  greatly 
in  the  development  of  the  nature  of  physical  force  generally :  and  if 
(as  I  believe)  the  dualities  are  essential  to  the  forces,  are  always 
equal  and  equivalent  to  each  other,  and  are  so  mutually  dependent, 
that  one  cannot  appear,  or  even  exist,  without  the  other,  the  proof 
of  the  truth  of  such  conditions  would  lead  to  many  consequences  of 
the  highest  importance  to  the  philosophy  of  force  generally.  A  few 
brief  experiments  with  the  electric  power  quickly  place  the  dual 
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it  to  the  prominent  corners ;  bismuth  moved  up  into  it ;  and  a  third  like 
pole  on  the  opposite  side  made  the  place  of  weak  force  still  weaker 
and  larger  ;  another  pole  or  two  made  it  very  weak ;  six  poles 
brought  it  to  the  condition  above  described.  £ven  four  poles,  put 
with  their  longer  edges  together,  produced  a  lengthened  (^mber 
with  two  entrances  ;  and  a  little  needle  being  carried  in  at  either 
entrance  passed  rapidly  through  spaces  of  weaker  and  weaker  force, 
and  found  a  part  in  the  middle  where  magnetic  action  was  not 
sensible. 

Other  very  interesting  results  were  obtained  by  making  chambers 
in  the  polar  extremities  of  electro-magnets.  A  cylinder  magnet, 
whose  core  was  1  •  5  inches  in  diameter,  had  a  concentric  cylindrical 
chamber  formed  in  the  end,  0*7  in  diameter,  and  1*3  inches 
deep.  When  iron  filings  were  brought  near  this  excited  pole,  they 
clung  around  the  outside,  but  none  entered  the  cavity,  except  a  very 
few  near  the  outer  edge.  When  they  were  purposely  placed  inside 
on  a  card  they  were  quite  indifferent  to  the  excited  pole,  except  that  * 
those  near  the  mouth  of  the  chamber  moved  out  and  were  attracted 
to  the  outer  edges.  A  piece  of  soft  iron  at  the  end  of  a  copper 
wire  was  strongly  attracted  by  the  outer  parts  of  the  pole,  but 
unaffected  within.  When  the  cliamber  was  filled  with  iron  filings 
and  inverted,  the  magnet  being  excited,  all  those  from  the  bottom 
and  interior  of  the  chamber  fell  out ;  many,  however,  being  caught 
up  by  the  outer  parts  of  the  pole.  If  pieces  of  iron,  successively 
increasing  from  the  size  of  a  filing  to  a  nail,  a  spike,  and  so  on  to  a 
long  bar,  were  brought  into  contact  with  the  same  point  at  the 
bottom  of  the  inverted  chamber,  though  the  filing  could  not  be 
held  by  attraction,  nor  the  smaller  pieces  of  iron,  yet  as  soon  as 
those  were  employed  which  reached  to  the  level  oi  the  chamber 
mouth,  or  beyond  it,  attraction  manifested  itself;  and  with  the 
larger  pieces  it  rose  so  high  that  a  bar  of  some  pounds  weight  could 
be  held  against  the  very  spot  that  was  not  sufHcient  to  retain  an  iron 
filing. 

These  and  many  other  results  piove  experimentally,  that  the 
magnetic  dualities  cannot  ai)pear  alone ;  and  that  when  they  are 
developed  they  are  in  equal  proportions  and  essentially  connected. 
For  if  not  essentially  connected,  how  could  a  magnet  exist  alone  ? 
Its  power,  evident  when  other  magnets,  or  iron,  or  bismuth  is  near 
it,  must,  upon  their  removal,  then  take  up  some  other  form^  or  exist 
without  action:  the  first  has  never  been  shown  or  even  suspected  ; 
the  second  is  an  impossibility,  being  inconsistent  with  the  conserva- 
tion of  force.  But  if  the  dualities  of  a  single  magnet  are  thrown 
upon  each  other,  and  so  become  mutually  related,  is  that  in  right 
lines  through  the  magnet,  or  in  curved  lines  through  the  space 
around  ?  Tiiat  it  is  not  in  right  lines  through  the  magnet  (it  being 
a  straight  bar  or  sphere)  is  shown  by  this,  that  the  proper  means  as 
a  helix  round  the  magnet,  shows  that  the  internal  disposition  of  t)ie 
force  Ccoercitive  or  other)  is  not  affected  when  the  magnet  is  exert- 
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the  magnetic  condition  assigned  by  some  to  bismuth  {%,€,  with 
reversed  {)olarities),  it  then  differed  from  bismuth,  producing  the 
contrary  deflection.  [For  a  further  account  of  these  considerations 
and  investigations,  a  paper  may  be  referred  to,  which  will  appear  in 
the  February  number  of  the  Philosophical  Magazine.] 

It  is,  probably,  of  great  importance  that  our  thoughts  should  be 
stirred  up  at  this  time  to  a  reconsideration  of  the  general  nature  of 
physical  force,  and  especially  to  those  forms  of  it  which  are  con- 
cerned in  actions  at  a  distance.     These  are,  by  the  dual  powers, 
connected  very  intimately  with  those  which  occur  at   insensible 
distances ;  and  it  is  to  be  expected  that  the  progress  which  physi- 
cal science  has    made    in  latter   times    will    enable    us    to    ap- 
proach this  deep  and  difficult  subject  with  far  more  advantage  tlian 
any  possessed  by  philosophers  at  former  periods.     At  present  we 
are  accustomed  to  admit  action  at  sensible  distances,  as  of  one 
magnet  upon  another,  or  of  the  sun  upon  the  eartli,  as  if  such 
admission  were  itself  a  perfect  answer  to  any  enquiry  into  the 
nature  of  the  physical  means  which  cause  distant  bodies  to  affect 
each  other ;  and  the  man  who  hesitates  to  admit  the  sufficiency  of 
the  answer,  or  of  the  assumption  on  which  it  rests,  and  asks  for 
a  more  satisfactory  account,  runs  some  risk  of  appearing  ridiculous 
or  ignorant  before  the  world  of  science.     Yet  Newton,  who  did 
more  than  any  other  man  in  demonstrating  the  law  of  action  of 
distant  bodies,  including  amongst  such  the  sun  and  Saturn,  which 
are  900  millions  of  miles  apart,  did  not  leave  the  subject  without 
recording  his  well-considered  judgment,  that  the  mere  attraction  of 
distant  portions  of  matter  was  not  a  sufficient  or  satisfactory  thought 
for  a  philosopher.     That  gravity  should  be  innate,  inherent,  and 
essential  to  matter,  so  that  one  body  may  act  upon  another  at  a 
distance  through  a  vacuum,  without  the  mediation  of  anything  else, 
by  and  through  which  their  action  and  force  may  be  conveyed  from 
one  to  another,  is,  he  says,  to  him  a  great  absurdity.     Gravity  must 
be  caused  by  an  agent,  acting  constantly  according  to  certain  laws ; 
but  whether  this  agent  be  material  or  immaterial  he  leaves  to 
the  consideration  of  his  readers.      This  is  the   onward   looking 
thought  of  one,  who  by  his  knowledge  and  like  quality  of  mind, 
saw  in  the  diamond  an  unctuous  substance  coagulated,  when  as  yet 
it  was  known  but  as  a  transparent  stone,  and  foretold  the  presence 
of  a  combustible  substance  in  water  a  century  before  water  was 
decomposed  or  hydrogen  discovered :  and  I  cannot  help  believing 
that  the  time  is  near  at  hand,  when  his  thought  regarding  gravity 
will  produce  fruit : — and,  with  that  impression,  I  shall  venture  a 
few  considerations  upon  what  appears  to  me  the  insufficiency  of  the 
usually  accepted  notions  of  gravity,  and  of  those  forces  generally, 
which  are  supposed  to  act  at  a  distance,  having  respect  to  the 
modern  and  philosophic  view  of  the  conservation  and  indestructi- 
bility of  force. 

The  notion  of  the  gravitating  force  is,  with  those  who  admit 
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Such,  I  thiDk,  must  be  the  character  of  the  conclusion,  if  it  be 
supposed  that  the  attraction  of  the  sun  upon  the  earth  arises  because 
of  the  presence  of  the  earth,  and  the  attraction  of  the  earth  upon  the 
sun,  because  of  the  presence  of  the  sun  :  there  remains  the  case  of 
the  power,  or  the  efficient  source  of  the  power,  having  pre-existed 
in  the  sun  (or  the  earth)  before  the  earth  (or  the  sun)  was  in 
presence.  In  the  latter  view  it  appears  to  me  that,  consistently 
with  the  conservation  of  force,  one  of  three  sub-cases  must  occur : 
either  the  gravitating  force  of  the  sun,  when  directed  upon  the 
earth,  must  be  removed  in  an  equivalent  degree  from  some  other 
bodies,  and  when  taken  off  from  the  earth  (by  the  disappearance 
of  the  latter)  be  disposed  of  on  some  other  bodies ; — or  else  it 
must  take  up^some  new  form  of  power  when  it  ceases  to  be  gravi- 
tation, and  consume  some  other  form  of  power  when  it  is 
developed  as  gravitation  ; — or  else  it  must  be  always  existing 
around  the  sun  through  infinite  space.  The  first  sub-case  is  not 
imagined  by  the  usual  hypothesis  of  gravitation,  and  will  hardly 
be  supposed  probable :  for,  if  it  were  true,  it  is  scarcely  possible 
that  the  effects  should  not  have  been  observed  by  astronomers,  when 
considering  the  motions  of  the  planets  in  different  positions  with 
respect  to  each  other  and  the  sun.  Moreover,  gravitation  is  not 
assumed  to  be  a  dual  power,  and  in  them  only  as  yet  have  such 
removals  been  observed  by  experiment  or  conceived  by  the  mind. 
The  second  sub-case,  or  that  of  a  new  or  another  form  of  power,  iS' 
also  one  which  has  never  been  imagined  by  others,  in  association  with 
the  theory  of  gravity.  I  made  some  endeavours,  experimentally,  to 
connect  gravity  with  electricity,  having  this  very  object  in  view 
(Phil,  Trans.  I80I,  p.  1)  ;  but  the  results  were  entirely  negative. 
The  view,  if  held  for  a  moment,  would  imply  that  not  merely  the 
sun,  but  all  matter,  whatever  its  state,  would  have  extra  powers  set 
up  in  it,  if  removed  in  any  degree  from  gravitation  ;  that  the 
particles  of  a  comet  at  its  perihelion  would  have  changed  in 
character,  by  the  conversion  of  some  portion  of  their  molecular 
force  into  the  increased  amount  of  gravitating  force  which  they 
would  then  exert ;  and  that  at  its  aphelion,  this  extra  gravitating 
force  would  have  been  converted  back  into  some  other  kind  of 
molecular  force,  having  either  the  former  or  a  new  character :  the 
conversion  either  way  being  to  a  perfectly  equivalent  degree.  One 
could  not  even  conceive  of  the  diffusion  of  a  cloud  of  dust,  or  its 
concentration  into  a  stone,  without  supposing  something  of  the  same 
kind  to  occur ;  and  I  suppose  that  nobody  will  accept  the  idea  as 
possible.  The  third  sub-case  remains,  namely,  that  the  power  is 
always  existing  around  the  sun  and  through  infinite  space,  whether 
secondary  bodies  be  there  to  be  acted  upon  by  gravitation  or  not : 
and  not  only  around  the  sun,  but  around  every  particle  of  matter 
which  has  existence.  This  case  of  a  constant  necessary  condition 
to  action  in  space,  when  as  respects  the  sUn  the  earth  is  not  in 
place,  and  of  a  certain  gravitating  action  as  the  result  of  that  pre- 
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to  all  the  forces  capable  of  acting  upon  them  magnetically  ;  first,  to 
the  magnet  alone ;  secondly,  to  the  electric  current  alone ;  and, 
thirdly,  to  the  magnet  and  current  combined.  Attention  to  struc- 
ture was  here  found  very  necessary,  and  the  neglect  of  it  appears  to 
have  introduced  much  error  into  this  portion  of  science.  Powdered 
bismuth,  without  the  admixture  of  any  foreign  ingredient,  was 
placed  in  a  strong  metallic  mould,  and  submitted  to  the  action  of  a 
hydraulic  press  ;  perfectly  compact  metallic  masses  were  thus  pro- 
cured, which,  suspended  in  the  magnetic  field  with  the  line  of  com- 
pression horizontal,  behaved  exactly  like  magnetic  bodies,  setting 
their  longest  dimensions  from  pole  to  pole.  This  identity  of 
deportment  with  an  ordinary  magnetic  substance  was  also  exhibited 
in  the  case  of  the  electric  current,  and  of  the  current  and  the 
magnet  combined.  In  like  manner,  by  the  compression  of  a  mag- 
netic powder  magnetic  bars  were  produced,  which,  between  the  two 
poles  of  a  magnet,  set  exactly  like  ordinary  dia-magnetic  ones  ;  this 
identity  of  deportment  is  preserved  when  the  bars  are  submitted  to 
the  action  of  the  current,  and  of  the  current  and  magnet  combined. 
Calling  those  bars  which  show  the  ordinary  magnetic  and  dia- 
magnetic  action  normal  bars,  and  calling  the  compressed  bars 
abnormal  ones,  the  law  follows,  that  an  abnormal  bar  of  one  class 
of  bodies  exhibits  precisely  the  same  deportment,  in  all  cases,  as  the 
normal  bar  of  the  other  class ;  but  when  we  compare  normal  bars 
of  both  classes  together,  or  abnormal  bars  of  both  classes,  then 
the  antithesis  of  action  is  perfect.  The  experiments  prove  that, 
if  that  which  Gauss  calls  the  ideal  distribution  of  magnetism  in 
magnetic  bars  be  inverted,  we  have  a  distribution  which  will  pro- 
duce all  the  phenomena  of  dia-magnetic  ones. 

The  important  question  of  dia-magnetic  polarity  was  submitted  to 
further  and  stricter  examination.  A  flat  helix,  whose  length  was 
an  inch,  internal  diameter  an  inch,  and  external  diameter  seven 
inches,  was  attached  firmly  to  a  table,  with  its  coils  vertical.  A 
suspension  was  arranged  by  means  of  which  a  bar  of  bismuth,  five 
inches  long,  and  0*4  of  an  inch  in  diameter,  was  permitted  to 
swing  freely,  while  surrounded  by  the  helix.  With  this  arrange- 
ment, the  following  experiments  were,  or  might  be  made: — 1.  A 
voltaic  current  ftom  twenty  of  Grove's 
cells  was  sent  through  the  helix  h,  the 
direction  of  the  current  in  the  upper  half 
of  the  helix  being  that  denoted  by  the  arrow 
(Fig.  1).  The  north  pole  of  a  magnet  being 
placed  at  N,  the  end  a  of  the  suspended 
bar  of  bismuth,  a  b,  was  attracted  towards 
the  pole  N.  2.  The  south  pole  of  a  second 
magnet  being  placed  at  S,  and  the  cur- 
rent being  sent  through  the  helix  in  the 
same  direction  as  before,  the  bar  left  its 
central  position  and  approached  N  with  greater  force  than  in  Uie 
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of  the  force  acting  upon  every  particle  of  the  mass  of  bismuth 
tends  to  turn  the  lever  round  its  axis  of  suspension,  in  the  direction 
of  the  curved  arrow.  On  exciting  the  magnetism  of  P,  however, 
a  precisely  contrary  motion  is  observed — the  lever  approaches  the 
poie.  This  result,  which,  as  far  as  the  lecturer  could  see,  was 
perfectly  inexplicable  on  the  assumption  that  the  dia-magnetic 
force  was  purely  repulsive,  is  explained  in  a  simple  and  beautiful 
manner  on  the  hypothesis  of  dia-magnetic  polarity.  According 
to  this,  the  end  b  of  the  bar  of  bismuth  is  repelled  by  P,  and 
the  end  a  is  attracted :  but  the  force  acting  upon  a  is  applied 
at  a  greater  distance  from  the  axis  of  suspension  than  that 
acting  upon  b ;  and  as  it  has  been  arranged  that  the  absolute  in- 
tensities of  the  forces  acting  upon  the  two  ends  differ  very 
slightly  from  each  other,  the  mechanical 
advantage  possessed  by  a  gives  to  it  the 
greatest  moment  of  rotation,  and  the  bar  is 
attracted  instead  of  repelled.  Let  a  mag- 
netic needle  n  s  (Fig.  3,)  be  attached  like 
the  bar  a  b  (Fig.  2)  to  a  lever,  and  submit- 
ted to  the  eardi's  magnetism.  Let  the 
north  pole  of  the  earth  be  towards  N  ;  the 
action  of  the  pole  upon  n  is  attractive, 
upon  s  repulsive,  the  absolute  intensities  of 
these  forces  are  the  same,  inasmuch  as  the 
length  of  the  needle  is  a  vanishing  quantity 
in  comparison  with  its  distance  from  the 
pole  N :  hence  the  mechanical  advantage 
possessed  by  the  force  acting  upon  s,  on  ac- 
count of  its  greater  distance  from  the  axis 
of  rotation,  causes  the  lever  to  recede  from 
N,  and  we  obtain  a  result  perfectly  analogous  to  that  obtained  with 
the  bar  of  bismuth  (Fig.  2).* 

[J.  T.] 


Fig.  3. 


*  A  paper  submitted  to  the  Royal  Society  last  November,  and  a  portion  of 
wluch  formed  the  subject  of  the  Bakerian  Lecture  for  the  present  year,  con- 
tains a  more  compTehensive  discussion  of  this  suHect.  In  it  are  ezplanatiiwey 
which  it  is  ho|>ed  will  be  deemed  sati^BMtory,  (n  the  difficulties  adduced  by 
M.  Matteucci,  in  his  instruetiTe  Coun  Special,  recently  published. 
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of  gmng  moR  space  to  those 
pr>v«rf:ii  adpiuiAcc  MaB<ae»  1302  «§aac  ia  sxia^  the  pelTv  and  tmnk 
npcA  the  ki]>d  lia^bs.  Wh^  resuii  u»  the  form  of  the  pelvis^  joq 
eould  DOt  failr  apfsrecuxe  h»  pccaBsr  Bodificatiooi  unleaB  joa  aiw 
it.  tt  b<!«C'  dkpcSTcid.  in  coctri«iiginction  to  the  tann  of  the  peliis  in 
the  hijzfaest  org^iJus«d  qrzadnxmftstt.  The  ihort  and  brwid  ilium 
bends  fonraidft.  the  bectcrr  to  reeesTe  and  sustain  the  •Mfflwinal  yis- 
eera.  and  is  expanded  behind  to  gire  adequate  attachment  to  the 
powerful  glnt«  muscles,  vhich  are  devdoped  to  a  maxiwini*^  fn  the 
human  species,  in  order  to  give  a  firm  hold  of  the  trunk  upon  the 
limbs,  and  a  corresponding  power  of  moiring  the  limbs  upon  the 
tnifjk.  The  tuberosities  of  the  ischium  are  rounded,  not  angular, 
and  not  incliLed  outwards,  as  in  the  ape  tribe.  The  symphysis 
pubis  is  shorter  than  in  the  apes.  The  tail  is  reduced  to  three  or 
four  stunted  vertebrae,  anchyloeed  to  fonn  the  bone  called  ^'os 
coccygis.^  The  true  Tertebre.  as  they  are  called  in  human  anatmny, 
correspond  in  number  with  those  of  the  chimpamee  and  the  orang, 
and  in  their  divisions  with  the  latter  species,  there  being  twelve 
thoracic,  five  lumbar,  and  seven  cervicaL  This  movable  part  of  the 
column  is  distinguished  by  a  beautiful  series  of  sigmoid  curves,  con- 
V4fx  forwards  in  the  loins,  concave  in  the  back,  and  again  slightly  con- 
v«:x  forwards  in  the  neck.  The  cervical  vertebne,  instead  of  having 
long  spinous  processes,  have  short  processes,  usually  more  or  less 
bifiirraUid,  The  bodies  of  the  true  vertebrae  increase  in  size  firom 
thif  iipiM'r  dorsal  to  the  last  lumbar,  which  rests  upon  the  base  of  the 
broud  wff(lg(;-sha|KKl  sacrum,  fixed  obliquely  between  the  sacro-iliac 
art icMilat ions.  All  these  cur\'e8  of  the  vertebral  column,  and  the  in- 
ivr\HmtHl  elastic  cushions,  have  relation  to  the  libration  of  the  head 
nnd  u)ip4*r  liinhs,  and  the  diffusion  and  the  prevention  of  the  ill 
ftH«u!tN  from  slioitks  in  many  modes  of  locomotion  which  man, 
thus  ori^iinixcd  for  an  erect  position,  is  capable  of  performing. 
Tim  firms  of  iniiu  aro  brought  into  more  symmetrical  proportions 
With  thn  ]i>wi)r  liuibs  ;  and  their  bony  framework  shows  all  the  per- 
ff*€*tlotm  t/iHt  hava  been  superinduced  upon  it  iil  V)[v^  TSAxoccDL^liaa 


60  Mr.  Dickinson  [Feb.  23, 

compare  with  the  most  perfect  spring  water,  which  reservoir,  or  head 
of  distribution,  would  be  120  feet  perpendicular  above  the  datura 
line  of  the  Ordnance  Survey,  made  at  the  suggestion  of  the  Board  of 
Health.*  The  Ordnance  map  of  London,  the  fruit  of  that  survey, 
on  the  scale  of  12  inches  to  the  mile,  with  the  elevation  of  every 
part  of  the  metropolis  stated  upon  it,  was  exhibited,  which  embraced 
also  the  reservoir ;  and,  by  means  of  a  line  of  uniform  level  traced 
upon  the  map,  it  was  made  apparent  how  very  large  a  portion  of 
London  could  be  supplied  by  gravitation,  at  high-service  level,  over 
and  above  the  whole  of  Westminster,  Belgravia,  Knightsbridge, 
Brompton,  Chelsea,  Fulham,  and  Kensington.  Mr.  Dickinson, 
having  had  a  great  deal  of  experience  in  works  of  this  nature,  was 
satisfied  that  the  cost  of  delivering  this  quantity  of  water  at  Kilburn, 
purified  and  filtered,  (presuming  money  to  be  obtainable  at  4  per  cent, 
per  annum,)  would  not  (according  to  Mr.  Thorn's  mode  of  estimate) 
exceed  three  farthings  per  thousand  gallons,  including  the  very  heavy 
item  of  compensation  to  mill-owners ;  and  that  the  whole  cost  of 
distribution  would  not  exceed  threepence  per  thousand  gallons, 
which,  as  proved  in  the  evidence  of  Mr.  Hawksley,  was  the  rate 
of  charge  for  the  water  supply  at  Nottingham. 

Some  of  the  water  taken  out  of  the  river  Colne,  at  Harefield, 
was  produced  at  the  meeting  and  much  approved.  With  reference 
to  the  liability  of  the  Colne  being  rendered  turbid  at  the  time 
of  floods,  (for  at  other  times  it  is  perfectly  clear,)  he  quoted  the 
following  evidence  of  Mr.  Hawksley  on  the  subject  of  running 
water  purifying  itself, — *^  I  can  give  a  very  extraordinary  instance  of 
"  that,  as  occurring  at  Nottingham.  At  Nottingham  the  supply  i» 
"  taken  from  the  river  Trent.  Upon  the  tributaries  of  the  river 
"  Trent  are  situated  the  towns  of  Leicester,  Loughborough,  Derby, 
"  Belton,  and  the  whole  of  the  Potteries.  The  water  leaves  those 
'*  towns  frequently  in  an  exceedingly  black  noisome  state,  but  the 
"  water  of  the  river  Trent  is,  nevertheless,  exceedingly  beautiful 
''  and  pellucid  ;  in  fact,  at  Trent  Bridge,  near  Nottingham,  it  is  as 
'^  clear  as  crystal ;  organic  matter  is  not  dbcoverable  in  it,  except 
"  in  the  degree  in  which  it  is  discoverable  in  all  river  water." 

The  speaker  concluded  by  stating  that  he  had  taken  particular 
notice  of  the  amount  of  water  expended  in  his  own  house  and 
stables,  (in  Upper  Brook  Street,)  and  it  led  him  to  the  conviction 
that  the  whole  of  the  large  and  populous  district,  before  referred  to, 
southward  of,  and  including  Piccadilly,  might  be  supplied  by  this 
application  of  the  gravitation  system  at  one-fourth  the  sc»le  of 
the  present  rate  of  charge  ;  but  with  the  proviso,  that  water  for 
the  streets  and  for  public  purposes,  should  be  paid  for  out  of  the 
parish  rates  as  at  present.  [J.  D.] 

,*:7hi9qaabtity:  Is  •almost  exactly  doable  that  of  the  New  River,  the  total 
*m)vpl7  of?Riiibh  u  ftated'b/  Mr.  Mylne,  tiie  engineer  of  that  Com^y,  in 
We 'evidence  before'  tbe^  PtffQamentary  Committee  of  Inquiry,  respecting  the 

-ater-sapply  of  London,  *Qa:  3Q7d,  to  be  11,872,000  gallons  per  diem. 
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GENERAL   MONTHLY  MEETING, 
Monday,  April  2. 

Aabon  Asheb  GrOLDSMiD,  Esq. 
in  the  Chair. 

Eustace  Anderson,  Esq. 

Andrew  Whyte  Barclay,  M.D.  and 

Thomas  Parry  Woodcock,  Esq. 

were  duly  elected  Members  of  the  Royal  Institution. 


John  BaUy,  Esq.  Q.C. 
Charles  Beevor,  Esq. 
Henry  Bradbury,  Esq. 


John  Dickinson,  Esq. 
Rev.  George  Delgamo  Hill. 
Henry  M.  Noad,  Esq.  Ph.D.  F.R.S. 


were  admitted  Members  of  the  Royal  Institution. 

A  Special  Vote  of  Thanks  was  returned  to  His  Grace  the 
DnK£  of  NoBTHUMBERLAND,  the  President,  for  his  Present  of  a 
magnificently  bound  copy  of  Rosellini's  "  Monumenti  dell'  Egitto  e 
della  Nubia,"  in  nine  volumes  8vo,  with  an  Atlas  of  Plates  in  three 
volumes  folio. 

The  following  Pbesents  were  announced,  and  the  thanks  of  the 
Members  returned  for  the  same. 

Fbom 
Her  Majest^s  Government  {through  Sir  H,  De  la  Beche) — Catalogue  of  Speci- 
meos  (at  the  Museum  of  Practical  Greology)  illustrative  of  the  Composi- 
tion and  ManufJBtcture  of  British  Pottery  and  Porcelain.    By  Sir  H.  De  la 
Beche  and  T.  Reeks.    8vo.    1855. 
Actuaries,  Institute  q^— The  Assurance  Magazine.    No.  XIX.    8to.    1855. 
Anderson,  W.  J,  Esq,  M.B.I.  {the  ^u<Aor>— Continued  Fever  in  Children. 

12mo.     1854. 
Astronomical  Society,  Royal — Monthly  Notices.      Vol.  XIV.  and  Vol.  XV. 
No.  4.     8vo.     1855. 
Menaoirs.    Vol.  XXIII.    4to.     1854. 
Bayerische  Ahademie  der  Wissenscha/ten,  die  K&nigliche — Abhandlungen^  Band 
VII.    2te  Abtheilung.    4ta    Munich,  1854. 
Bulletin  fur  1853.    4to. 
Magnetische  Ortsbestimmungen  in  Bayem.   Von  Dr.  J.  Lamont.   Theil  I. 

Sto.     1854. 
Annalen  der  Koniglichen  Stemwarte  bei  MUnchen.    Band  VI.    Vod  Dr. 
J.  Lament.    8vo.     1854. 
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ANNUAL  MEETING, 
Tuesday,  May  1. 

The  Duke  of  Nobthuicberlahd,  K.G.  F.B.S.  President, 

in  the  Chair. 

The  Annual  Report  of  the  Committee  of  Visitors  was  read,  and 
adopted. — It  states  that  the  Contributions  from  Members  and  An- 
nual Subscribers  in  1854  were  very  satisfactory,  as  well  as  the 
Receipts  for  attendance  at  the  courses  of  Lectures.  The  General 
Income  exceeded  the  Expenditure  of  the  year  by  the  sum  of 
£795.  2s.  4d. ;  and  the  Managers  were  enabled,  in  addition  to  the 
annual  investment  of  the  Accumulating  Funds,  amounting  to 
£184.  10«.  Idf.,  to  lay  out  £500  in  the  purchase  of  £3  per  cent. 
Consols,  and  to  buy  an  Exchequer  Bill  for  £100. 

A  List  of  Books  Presented  accompanies  the  Report,  amounting 
in  number  to  about  175  volumes,  and  making  a  total,  with  those 
purchased  by  the  Managers  and  Patrons,  of  nearly  900  volumes 
(including  Beriodicab)  added  to  the  Library  in  the  year. 

Thanks  were  voted  to  the  President,  Treasurer,  and  Secretary,  to 
the  Committees  of  Managers  and  Visitors,  and  to  Professor  Faraday, 
for  their  services  to  the  Institution  during  the  past  year. 

The  following  Gentlemen  were  unanimously  elected  as  Officers 
lor  the  ensuing  year : — 

Pkesident — The  Duke  of  Northumberland,  K.G.  F.R.S. 

TREASUBER^William  Pole,  Esq.  M.A.  F.R.S. 

Sbcretart — Rev.  John  Barlow,  M.A.  F.R.S. 


Manaoebs. 


William  H.  Blaaaw,  Esq.  M.A.  F.S.A. 
Sir  Bemamin  Collins  Brodie,  Bart 

D.C.L.  F.R.S. 
John  Bate  Cardale,  Esq. 
Thomas  Davidson,  Esq. 
George  Dodd,  Esq.  F.S.A. 
Sir  Charles  Fellows. 
Aaron  Asher  Goldsmid,  Esq. 


Sir  Henry  Holland,  Bart.  M.D.  F.RJS. 
Henry  Bence  Jones,  M.D.  F.R.S. 
Greorge  Macilwain,  Esq. 
Right  Hon.  Baron  Parke,  M.A. 
John  Percy,  M.D.  F.R.S. 
Lieut.-Gen.  Sir  George  Pollock,G.C.B. 
Alfred  S.  Taylor,  M.D.  F.R.S. 
Charles  Wheatstone,  Esq.  F.R.S. 


1Q4  Genertd  Monthly  Meeting.  [May  7, 

that  the  Goveniment  had  lately  organized  the  means  of  examining 
the  merits  of  every  suggested  improvement,  and  that  the  appointed 
parties  were  now  actively  engaged  in  the  investigation.  At  present 
there  appear  two  improvements  in  the  art  of  war,  in  which  chemical 
science  may  be  of  service :  the  one  in  making  shells,  which  shall 
burst  upon  striking — about  which  there  is  no  chemical  difficulty  ; 
the  other  in  charging  shells  with  substances  that  will  give  forth 
quantities  of  poisonous  gas ;  a  subject  which  has  lately  attracted 
much  attention.  It  is  to  be  hoped,  that  not  only  mechanical,  but 
also  chemical  science,  will  soon  furnish  us  with  improvements  on 
the  present  means  of  canning  on  the  war  in  which  we  are  now 
engaged. 

[J.  H.  G.] 


GENERAL   MONTHLY   MEETING, 
Monday,  May  7. 

The  Duke  op  Nobthumberland,  K.G.  F.R.S.  President, 

in  the  Chair. 

George  Ade,  Esq.,  and 
William  Stuart,  Esq. 

were  duly  elected  Members  of  the  Royal  Institution. 

Andrew  Whyte  Barclay,  M.D. 
was  admitted  a  Member  of  the  Royal  Institution.  ' 

The  following  Professors  were  unanimously  re-elected : — 

William  Thomas  Brande,  Esq.  D.C.L.  F.R.S.  L.  &  E.,  as 
l^Ionorary  Professor  of  Chemistry  in  the  Royal  Institution. 

John  Tyndall,  Esq.  Ph.D.  F.R.S.,  as  Professor  of  Natural 
Philosophy  in  the  Royal  Institution, 

The  following  Presents  were  announced,  and  the  thanks  of  the 
Members  returned  for  the  same : — 

From 
Allies,  Thomas  W.  Esq.  M.A.  M.RJ>.  {the  Avthory-^i.  Peter,  his  Name,  and 

his  Office,  as  set  forth  in  the  Holy  Scriptures.    8yo.    1852. 
Journal  in  France,  in  1845  and  1848;  with  Letters  from   Italy,  in  1847. 

12mo.     1849. 
The  Royal  Supremacy,  viewed  in  reference  to  the  two  Spiritual  Powers  of 

Order  and  Jurisdiction.    8vo.     1850. 
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WeaU^  John^  Etq,Cih€  fVfr/MAer>- EdocatioDal  Series.    l2mo. : — 
Chronology  of  History,  Art,  and  literatare.    Vol.  I.    1854. 
Dictionary  of  the  English  Language.    By  Hyde  Clarke.    1855. 
Grammar  of  the  Greek  Langoage.    By  H.  Cf.  Hamilton.    1854. 
Lexicon  of  Uie  Greek  Language.    By  H.  B.  Hamilton.    Part  IL     1853. 
English-Greek  Lexicon.    By  ll.  R.  Hamilton.    Part  L    1855. 
Gnunmarof  the  Latin  Tongue.    By  T.  Goodwin.     1854. 
Latin-English  Dictionary.    By  T.  Groodwin.    1855. 
French-English,  and  English-French  Dictionary.    By  A.  Elwes.    2  Parts. 

1854-5. 
Italian-English-French  Dictionary.    By  A.  Elwes.    Part  I.     1855. 
Spamsh-E^lish,  and  English-Spanish  Dictionary.    By  A.  Elwes.    1854. 
Hebrew  and  English  Dictionary  and  Grammar.    By  M.  H.  Bresslau.   1 855. 
Clasdcal  Series.    12mo.    (Edited  by  H.  Young.) 
Greek  Delectns.    1854. 
Xenophoo's  Anabasis.    2  yols.     1854-5. 
Select  Dialogues  of  Lucian.    1 855  • 
Latm  Delectus.     1854. 
Csesar's  Commentaries.    1854. 
Cornelius  Nepos.     1855. 
Virgil.    Part  L    1855. 


WEEKLY  EVENING  MEETING, 

Friday,  May  II. 

Siu  CuAULES  Fellows,  Vice-President,  in  the  Chair. 

HenAy  Bradbubt,  Esq.  M.R.I. 
On  Nature-Printing. 

Tub  Art  of  Nature-Printing  is  a  method  of  producing  impressions 
of  plants  and  other  natural  objects,  in  a  manner  so  truthful  that 
only  a  close  inspection  reveals  the  fact  of  their  being  copies.  So 
distinctly  sensible  to  the  touch  are  the  impressions,  that  it  is  difficult 
to  persuade  those  unacquainted  with  the  manipulation,  that  they  are 
the  production  of  the  printing-press.  The  process,  in  its  applica- 
tion to  the  reproduction  of  botanical  subjects,  represents  the  size, 
form,  and  colour  of  the  plant,  and  all  its  most  minute  details,  even 
to  the  smallest  fibre  of  the  roots. 

The  distinguishing  feature  of  the  process,  compared  with  other 
modes  of  producing  engraved  surfaces  for  printing  purposes,  con- 
sists, firstly,  in 'impressing  natural  objects  ~  such  as  plants,  mosses, 
seaweeds,  feathers,  and  embroideries — into  plates  of  metal,  causing 
as  it  were  the  objects  to  engrave  themselves  by  pressure ;  and 
secondly,  in  being  able  to  take  such  casts  or  copies  of  the  impressed 
plates  as  can  be  printed  from  at  the  ordinary  copperplate-press. 
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Haidinger,  for  having  promptly  suggested  the  impression  of  a 

plant  into  a  plate  of  metal  at  the  very  time  the  modus  operandi 

had  been  provided ; 
Abate,  for  its  application  to  the  representation  of  different  sorts 

of  ornamental  woods  on  woven  fabrics,  paper,  and  plain 

wood; 

"Worring,  of  the  Imperial  Printing-Office,  Vienna,*  for  his 
practical  services  in  carrying  out  the  plans  of  Leydolt  and 
Haidinger. 

Nature-Printing  may  be  considered  as  still  in  its  infancy  ;  but  the 
results,  already  obtained  in  its  application,  encourage  us  to  expect 
from  continued  efforts  such  further  improvements  as  will  place  it 
not  least  among  the   Printing  Arts. 

[H.  B.] 

[A  great  number  of  specimens  of  Nature-Printing,  in  its  various 
applications,  were  exhibited ;  and  the  different  processes  referred 
to  "by  the  speaker,  were  exemplified  in  the  presence  of  the  audience, 
during  and  after  the  discourse,  by  workmen  and  apparatus  from  the 
establishment  of  Messrs.  Bradbury  and  Evans.] 


WEEKLY  EVENING  MEETING, 

Friday,  May  18. 

Rev.  John  Bahlow,  M.A.  F.R.S.  Vice-President  and  Secretary, 

in  the  Chair. 

James  Philip  Lacaita,  Esq.  LL.D. 
On  Dante  and  the  ''  Divina  Commedia,*' 

The  speaker,  afler  a  few  preliminary  remarks,  proceeded  to  state, 
that  he  should  not  attempt  to  give  an  account  of  the  life  of  Dante, 
which  was  so  connected  with  the  chief  events  of  his  time,  that  it 
was  impossible  to  sketch  it  with  any  degree  of  interest,  without 
entering  into  many  details  of  the  mediaeval  history  of  Italy.  Carlo 
Troya,  and  Count  Cesare  Balbo,  two  of  the  most  profound  Italian 


♦  It  is  gratifying  to  know  that  the  services  of  this  gentleman  were  recog- 
nised by  his  Sovereign,  who  mimificently  rewarded  him  with  a  gift,  and  like- 
vise  the  Order  of  Merit. 
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induction,  where  water  is  the  conductor,  whilst  it  is  known  to  be 
essential  to  the  many,  only  because,  when  water  is  the  electrolyte 
employed,  electrolytic  conduction  is  essential  to  every  case  of 
electrolytic  action. 

[M.  F.] 


WEEKLY   EVENING   MEETING, 

Friday,  June  1. 

The  Duke  of   Northdmbebland,  K.G.  F.R.S.   President, 

in  the  Chair. 

Professor  Tyndaxl,  F.R.S. 
On  the  Currents  of  the  Leyden  Battery, 

In  our  conceptions  and  reasonings  regarding  the  forces  of  nature 
we  perpetually  make  use  of  symbols,  which,  when  they  possess  a 
high  representative  value,  we  dignify  with  the  name  of  theories. 
We  observe,  for  example,  heat  propagating  itself  through  a  bar  of 
metal,  and  help  ourselves  to  a  conception  of  the  process  by  com- 
paring it  with  water  percolating  through  sand,  or  travelling  by 
capillary  attraction  through  a  lump  of  sugar.  In  some  such  way 
we  arrive  at  what  is  called  the  material  theory  of  heat.  The  thing 
seen  is  thus  applied  to  the  interpretation  of  the  thing  unseen,  and 
the  longing  of  the  human  mind  to  rest  upon  a  satisfactory  reason,  b 
in  some  measure  satbfied.  So  also  as  regards  the  subject  of  the 
present  evening's  discourse ;  we  are  not  content  with  the  mere  facts 
of  electricity ;  we  wish  to  look  behind  the  &ct,  and  prompted  by 
certain  analogies  we  ascribe  electrical  phenomena  to  the  action  of  a 
-peculiar  fluid.  Such  conceptions  have  their  advantages  and  their 
disadvantages :  they  afford  peaceful  lodging  to  the  intellect  for  a 
time,  but  they  also  circumscribe  it ;  and  by  and  by,  when  the  mind 
has  grown  too  large  for  its  mansion,  it  often  finds  a  difficulty  in 
breadking  down  the  walls  of  what  has  become  its  prison  instead  of 
its  home.  Thus,  at  the  present  day,  the  man  who  would  cross  the 
bounds  which  at  present  limit  our  knowledge  of  electricity  and 
magnetism  finds  it  a  work  of  extreme  difficulty  to  regard  facts  in 
their  simplicity,  or  to  rid  them  of  those  hypothetical  adornments 
with  which  common  consent  has  long  invested  them. 

But  though  such  is  the  experience  of  the  earnest  student  of 
Natural  Philosophy  at  the  present — though  he  may  be  compelled  to 
refuse  his  assent  to  the  prevalent  theoretic  notions,  he  may  never- 
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We  have  every  reason  to  suppose  that  the  secondary  current  thus 
developed  is  of  the  same  nature  as  the  primary  which  produced  it ; 
and  hence  we  may  infer,  that  if  we  conduct  the  secondary  away 
and  carry  it  through  a  second  spiral,  it,  in  its  turn,  will  act  the 
part  of  a  primary,  and  evoke  a  tertiary  current  in  a  spiral  brought 
near  it.  This  was  illustrated  by  experiment.  First,  two  spirals 
were  placed  opposite  to  each  other,  through  one  of  which  the  cur- 
rent of  the  battery  was  to  be  sent ;  the  other  was  that  in  whicii  the 
secondary  current  was  to  be  aroused.  The  ends  of  the  latter  were 
connected  by  wires  with  a  third  spiral  placed  at  a  dbtance,  so  that 
when  the  secondary  current  was  excited  it  passes  through  the  third 
spiral.  Underneath  the  latter,  and  separated  from  it  by  a  sheet  of 
varnished  glass,  was  a  fourth  spiral,  whose  two  ends  were  connected 
with  the  universal  discharger,  between  the  knobs  of  which  a  quantity 
of  gun-cotton  was  placed.  When  the  battery  was  discharged 
through  the  first  spiral,  a  secondary  current  was  aroused  in  the 
second  spiral,  which  completed  its  circuit  by  passing  through  the 
third  spiral :  here  the  secondary  acted  upon  tlie  spiral  underneath, 
developed  a  tertiary  current  which  was  sufficiently  strong  to  pass 
between  the  knobs,  and  to  ignite  the  gun-cotton  in  its  passage.  It 
was  shown  that  we  might  proceed  in  this  way  and  cause  the  tertiary 
to  excite  a  current  of  the  fourth  order,  the  latter  a  current  of  the 
fifth  order,  and  so  on ;  these  children,  grandchildren,  and  great 
grandchildren  of  the  primary  being  capable  of  producing  all  the 
eifects  of  their  wonderful  progenitor. 

Tlie  phenomena  of  the  extra  current,  which  exists  for  an  instant 
contemporaneously  with  the  ordinary  current  yn  a  common  voltaic 
spiral,  were  next  exhibited  ;  and  the  question  whether  a  spiral  through 
which  a  Leyden  battery  was  discharged  exhibited  any  similar 
phenomena  was  submitted  to  examination.  It  was  proved,  that  the 
electric  discharge  depended  upon  the  shape  of  the  circuit  through 
which  it  passed :  when  two  portiyis  of  such  a  circuit  are  brought 
near  each  other,  so  that  the  positive  electricity  passes  in  the  same 
direction  though  both  of  them,  the  effect  is  that  the  discharge  is 
weaker  than  if  sent  through  a  straight  wire  :  if,  on  the  contrary,  the 
current  Row  through  both  portions  in  opposite  directions  the 
discharge  is  stronger  than  if  it  had  passed  through  a  straight  wire. 
A  flat  spiral  was  taken,  containing  75  feet  of  copper  wire ;  one  end 
of  the  spiral  was  connected  with  a  knob  of  the  universal  discharger, 
and  the  other  knob  was  connected  with  the  earth  :  between  the  knobs 
of  the  discharger  about  four  inches  of  platinum  wire  were  stretched  ; 
on  connecting  the  other  end  of  the  spiral  with  the  battery  a  discharge 
passed  through  it  of  such  a  strength  that  it  was  quite  unable  to 
raise  the  platinum  wire  to  the  faintest  glow.  The  same  length  of 
copper  wire  was  then  bent  to  and  fro  in  a  zigzag  manner,  so  that  on 
every  two  adjacent  h-gs  of  the  zigzag  tlie  current  from  the  battery 
flowed  in  opposite  directions.  When  these  75  feet  of  wire  were 
interposed  between  the  battery  and  the  platinum  wire,  a  discharge 
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moment  of  induction,  is  discharged  back  again  at  the  same  place  the 
instant  the  induction  is  over ;  the  first  discharge  heats  and  prejiares 
the  air  there  for  the  second  discharge,  and  the  two  are  so  nearly 
simultaneous  as  to  produce  the  appearance  of  a  single  spark  to  the 
unaided  eye. 

Reference  was  then  made  to  the  hopes  raised  by  this  instrument, 
of  advance  in  the  investigation  of  the  magneto-electric  power, 
by  means  of  the  great  aid  which  it  seems  competent  to  supply. 
The  results  obtained  by  Grove*  apparently  referable  to  polarization 
were  adverted  to ;  as  idso  the  remarkable  transverse  bands  presented 
in  the  recurring  discharge  across  very  rarified  airf  ;  and,  founded 
as  the  instrument  is  by  its  core  and  its  wires  upon  the  joint  effects 
of  electro-dynamic  and  magneto-electric  induction,  it  was  observed 
that  it  gave  great  promise  of  aid  in  the  investigation  of  that  condi- 
tion of  either  the  space  or  the  ether  which  b  about  magnets,  and 
around  every  discharge  of  electricity,  whether  in  good  or  bad 
conductors,  and  which  is  expressed  by  the  terms  (themselves  syn- 
onymous) of  the  magnetic  or  the  electrotonic  state. 

[M.  F.] 


♦  Phil.  Trans.  1852,  p.  93,  &c.  f  Phil.  Mag.  1852,  iv,  p.  514. 


ISopal  instttvttini  of  Strat  ISntain.     >?fr^ 


1855. 


I    • 


WEEKLY  EVENING   MEETING, 
Friday,  June  15. 


UJELH.  Thb  Pbokcx  Aunrr,  KG.  FJLS.  Tke-Patron  R.I., 

in  the  Chair. 

CoU>HKL    H.   C.   RAWUS901I, 

Os  ike  Be$mla  ^f  ike  ExeaeaHms  m  Anuria  ami 


Thsbb  ezcaTmtiooSy  indepeDdently  of  the  treasares  of  art  diadoeFd 
bj  them,  have  opened  up  to  ns  a  period  of  about  2000  years  in 
the  worid'a  history,  which,  as  frr  as  the  East  is  ooncemed*  was 
before  almost  entirely  unknown.  The  coneifonn  inscriptions  of 
Babylonia  and  Assyria  Ibmish  a  series  of  historical  documents 
from  the  22nd  century  B.C.  to  the  age  of  Antiochus  the  Great. 
The  speaker  divided  these  documents  into  three  distinct  periods  of 
history,  the  Chaldsean,  the  Assyrian,  and  the  Babylonian,  and  he 
then  proceeded  briefly  to  describe  each  period  in  succession.  During 
the  Chaldsean  period  the  seat  of  empire  was  to  the  south,  towards 
the  confluence  of  the  Tigris  and  Euphrates,  and  the  sites  of  the 
andent  capitals  were  marked  by  the  ruins  of  Mugheir,  of  Warka, 
of  Senkereh,  and  of  Nifler.  At  Mosfaier,  called  in  the  inscriptions 
iTair,  and  representing  the  biblical  Lrof  the  Chaldees,  inscriptions 
hare  been  found  of  a  king,  ^Kudwr^  the  conqueror  of  Syria,"  who 
was  probably  the  Chedorlaomer  of  the  Bible.  At  any  rate,  a  king 
named  Jsmi'Da^an^  who  lived  some  generations  later,  is  proved, 
by  a  series  of  chronological  dates  found  in  the  Assyrian  tablets, 
to  belong  to  the  19th  century  KC,  so  that  the  era  of  the  earlier 
king  agrees  pretty  well  with  the  ordinaiy  computation  of  the  age 
of  Abraham.  The  names  of  about  twenty-five  kings  have  been 
recovcied  of  the  ancient  period,  and  there  are  good  groimds  for 
bdieving  that  the  Assyrians  did  not  succeed  in  establishing  an 
independent  empire  at  Nineveh  till  the  early  part  of  the  fifteenth 
century  B.C. 

From  B.C.  1273  to  625,  the  AsB]rrians  seem  to  have  been  the 
lords  paramount  of  Western  Asia,  and  their  history  is  pre$er>'ed 
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exhibited,  for  the  purpose  of  proving  experimentally  some  of  the 
assertions  made  by  the  speaker  in  reference  to  this  subject.  A 
cube  of  bismuth  was  taken  and  suspended  by  a  twisted  string 
between  the  two  poles  of  an  electro-magnet.  The  cube  was  at- 
tached by  a  short  copper  wire  to  a  little  square  pyramid,  the  base 
of  which  was  horizontal,  and  its  sides  formed  of  four  small  triangu- 
lar pieces  of  looking*glass.  A  beam  of  light  was  suffered  to  fall 
upon  this  reflector,  and  as  the  reflector  followed  the  motion  of  the 
cube  the  images  cast  from  its  sides  followed  each  other  in  sucoes* 
sion,  each  describing  a  circle  of  about  30  feet  in  diameter.  As  the 
velocity  of  rotation  augmented,  these  images  blended  into  a  con- 
tinuous ring  of  light.  At  a  particular  instant  the  electro*magnet 
was  excited,  currents  were  evolved  in  the  rotating  cube,  and  the 
strength  of  these  currents,  which  increases  with  the  conductivity 
of  the  cube  for  electricity,  was  practically  estimated  by  the  time 
required  to  bring  the  cube  and  its  associated  mirrors  to  a  state  of 
rest.  With  bismuth  this  time  amounted  to  a  score  of  seconds  or 
more :  a  cube  of  copper,  on  the  contrary,  was  struck  almost  instantly 
.motionless  when  the  circuit  was  established. 

[J.  T.] 


GENERAL  MONTHLY   MEETING, 

Monday,  February  4. 
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George  Busk,  Esq.  F.R.S.  F.R.C.S. 
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Thomas  Farquhar  Hill,  Esq.  and 
Jonathan  Rigg,  Esq. 
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FaoM— 
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3,300,000  fresh  men,  pledged  to  exert  their  fullest  strength  throogh 
20  years.  Her  actual  annual  expenditure  of  power,  then,  is  re* 
presented  by  66,000,000  of  able-bodied  labourers.  The  latent 
strength  resident  in  the  whole  coal  product  of  the  kingdom  may, 
by  the  same  process,  be  calculated  at  more  than  400,000,000  of 
strong  men,  or  more  than  double  the  number  of  the  adult  males 
now  upon  the  globe. 

Climates, — ^Adverting  to  the  causes  of  the  characteristic  features 
of  the  North  American  climates,  those  of  all  the  eastern  and  northern 
divisions  of  the  continent  were  shown  to  depend  primarily  upon  the 
peculiar  dbtribution  of  the  land  and  water,  and  the  general  circula- 
tion of  the  winds  and  oceanic  currents  in  the  North  Atlantic  and 
the  Polar  Basins,  resulting  from  general  phenomena  of  rotation  of 
the  fluids,  and  from  the  configuration  of  those  seas.  The  chief 
surface  currents  of  both  these  basins  belong  all  to  one  great  circu- 
lating stream,  which,  crossing  the  Atlantic  frt>m  Africa  to  the  Gulf 
of  Mexico,  under  the  northern  tropic,  and  following  for  a  vast  dis- 
tance the  highly-heated  shores  of  South  and  Central  America,  entera 
the  North  Atlantic  at  Florida,  under  the  name  of  the  Gulf  Stream, 
carrying  a  temperature  5"^  to  6^  higher  than  the  mean  heat  of  the 
equator,  and  imparting  to  the  southern  coast  of  the  United  States 
the  ocean  temperature  of  the  tropics.  Pursuing  its  career  to  the 
north-east,  this  current  transports  its  own  mild  climate  to  the 
whole  north-western  side  of  Europe,  and  even  subdues  the  rigoun 
of  the  European  Polar  sea ;  but  refrigerated,  as  it  sweeps  round  in 
its  circumpolar  course,  the  shores  of  Siberia  and  Western  Arctic 
America  ;  and,  loaded  with  the  annual  ice  of  all  that  extended  zone, 
it  streams  through  the  great  Archipelago  of  North-eastern  Arctic 
America,  clogs  its  deep  channels  with  its  floating  packs  of  ice,  and 
chills  to  the  zero  temperature  of  the  whole  hemisphere  this  coldest 
of  all  the  sunomer  climates  of  the  globe.  Returning  into  the  At- 
lantic around  Greenland,  and  by  its  main  passage  through  Bafllin 
Bay,  this  now  arctic  ice-chilled  and  ice-transporting  current,  hun 
the  whole  north-eastern  coast  of  the  continent  inside  of  the  Giuf 
Stream.  It  thus  weaves  a  track  somewhat  resembling  the  figure  8. 
The  Gulf  Stream  on  the  south-east,  and  the  Arctic  current  on  the 
north,  conjointly  with  the  tropical  and  the  polar  winds  with  which 
they  are  connected,  produce  such  a  contrast  in  the  temperature  of 
the  southern  and  northern  latitudes  of  eastern  America,  that  all 
the  zones  of  the  climates  of  the  sphere  are  there  compressed  within 
not  more  than  30^  of  a  great  circle,  crossing  the  continent  from  the 
Gulf  Stream  to  lat.  70^  north  of  Hudson  Bay. 

The  climatology  of  the  western  half  of  the  continent  was  next 
discussed.  There  the  controlling  agent  in  the  latitudes  north  of  the 
north-east  Trade  Wind  of  the  tropic,  is  the  south-west  and  west  wind 
from  the  Pacific  Ocean,  and  in  the  Southern  Atlantic  States  firom 
the  Gulf  of  Mexico.  This  Pacific  Ocean  wind,  moderately  charged 
with  moisture  in  the  lower  latitudes,  and  excessively  humid  in  the 
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tube.  The  makydmuB  chkmde  was  tkos  evolved  in  TrnpouTyttid 
condensed  in  a  soitable  leodver.  The  appanlns  contrived  l^  M. 
Deville  for  procoring  this  substance,  and  described  in  the  memoir 
already  referred  to,*  was  exhibited.  Wohler^s  process  of  obtaining 
aluminium  from  its  chloride  is  well  known.  The  following  mo- 
dification of  thai  proceasi  devised  by  M.  DeviUe,  was  afaown  in 
action.  * 

A  tube  of  Bohemian  glass,  36  inches  long,  and  about  one  inch 
in  diameter,  was  placed  on  an  empty  corobostion-liimace,  con- 
structed for  the  purpose.  Chloride  of  aluminiam  was  introdmsed 
at  one  extremity  of  the  tube  ;  at  the  same  extremity  a  current  of 
diy  hydrogen  gas  was  made  to  enter  the  tube,  and  was  sustained 
till  the  operation  was  finished.  The  chloride  was  now  gently 
warmed  by  pieces  of  hot  charcoal,  in  order  to  drive  off  any  hydro- 
chloric acid  it  might  contain  ;  porcelain  boats,  filled  with  sodium, 
were  inserted  into  the  opposite  extremity  of  the  tube ;  the  heat  was 
augmented  by  firesh  pieces  of  glowing  charcoal  until  the  vapour  of 
the  sodium  decomposed  that  of  the  chloride  of  aluminium.  Intense 
ignition  usually  attends  this  re-action.  At  length  the  aluminium 
was  liberated  in  buttons,  which  were  found  in  the  boat  adhering  to 
a  substance  consisting  of  the  mixed  chlorides  of  aluminium  and 
sodium.  The  hoat  was  now  transferred,  with  its  contents,  to  a 
porcelain  tube,  throng  which  hydrogen  gas  was  passed.  At  a  red 
heat,  the  double  chloride  distilled  into  a  receiving  vessel,  attached 
to  the  tube  for  the  purpose ;  the  buttons  of  aluminium  were  col- 
lected, washed  with  water,  and  subsequently  fused  together  under  a 
flux  consisting  of  the  double  chloride. 

Another  method  of  obtaining  aluminium  from  the  chloride  has 
been  adopted  with  success.     It  is  as  follows : — 

4*200  grammes  of  the  double  chloride  of  aluminium 
and  sodium  (t>.,  2-f)00  gnunmes  chloride  of 
aluminium,  and  1*400  grammes  common  salt), 

2*100  grammes  of  common  salt, 

2*100  grammes  of  cryolite, 

thoroughly  dry,  and  carefully  mixed  together,  are  to  be  laid  in  alter- 
nate layerv,  with  840  gnunmes  of  sodium  (cut  into  small  pieces),  in 
a  crucible  lined  with  alumina — ^a  layer  of  sodium  should  cover  the 
bottom  of  the  crucible.  When  the  crucible  is  filled,  a  little  pow- 
dered salt  b  to  be  sprinkled  on  its  contents,  and  the  crucible,  fitted 
with  a  lid,  is  to  be  introduced  into  a  furnace,  heated  to  redness, 
and  kept  at  that  temperature  until  a  reaction,  whose  occurrence 
and  continuance  is  indicated  by  a  peculiar  and  characteristic  sound, 
shall  have  terminated.  The  contents  of  the  crucible,  having  been 
stirred  with  a  porcelain  rod,  while  in  their  liquified  state— (this 
part  of  the  operation  is  essential) — are  poured  out  on  a  surfiice  of 

*  Recherehcs  sor  les  M ^tsnz*  &c 


224  Mr.  Roscofy  on  the  Measurement  cf  Light.        [April  4, 

composed.  The  relation  between  the  amount  of  light  and  the 
amount  of  decomposition  was  found  in  this  case  not  to  be  a  simple 
one. 

This  anomalous  action  may  be  explained  even  from  a  theoretical 
point  of  view.  Chemical  affinity  is  the  resultant  of  all  the  forces 
which  come  into  play  during  the  reaction  ;  hence  it  is  not  only  the 
interchanging  atoms  which  influence  the  result,  but  also  those  atoms 
which,  without  taking  part  in  the  decomposition,  surround  those 
actively  engaged.  The  so-called  catalytic  phenomena  show  this 
action  in  a  striking  manner.  To  apply  this  general  principle  to  the 
special  case  before  us ;  we  have  to  begin  with  pure  chlorine  water ; 
aiter  the  first  action  of  the  light,  however,  hydrochloric  add  is 
formed,  hence  the  composition  of  the  solution  is  altered,  and  a 
different  result  must  be  expected.  This  theoretical  conclusion  was 
verified  by  experiment.  Chlorine  water,  to  which  10  per  cent,  of 
hydrochloric  acid  was  added,  did  not  sufier  any  decomposition  by 
an  exposure  of  six  hours  to  the  direct  sunlight ;  during  which  time 
the  same  chlorine  water,  without  previous  addition  of  hydrochloric 
acid,  lost  nearly  all  the  free  chlorine  which  it  contained.* 

In  order  then  to  obtain  a  true  measure  of  the  action  of  light  on 
any  chemical  substance,  it  is  necessary  that  the  body  formed  by  the 
decomposition  should  be  removed  from  the  sphere  of  action.  This 
cannot  be  done  with  chlorine  water ;  a  new  sensitive  substance  was 
therefore  employed. 

Equal  volumes  of  chlorine  and  hydrogen  gases  when  exposed  to 
the  direct  sun  light  unite  with  explosion  ;  in  diffuse  light,  the  action 
proceeds  gradually.  In  presence  of  water  the  hydrochloric  acid 
formed  by  the  combination  is  immediately  absorbed,  and  thus 
withdrawn  from  the  sphere  of  action,  and  the  diminution  of  the 
volume  of  the  mixed  gases  arising  from  this  absorption  gives  an 
exact  measure  of  the  amount  of  action  effected  by  the  light.  The 
diminution  in  volume  of  the  gas  measured  by  the  rise  of  water  in  a 
graduated  tube  was  found  to  be  regular,  proving  that  when  the 
light  is  constant  the  amount  of  actum  is  directly  proportional  to  the 
time  of  exposure. 

The  relation  between  the  amount  of  action  and  the  amount  of 
light  was  experimentally  determined,  by  allowing  known  quantities 
of  diffuse  light  to  fall  upon  the  sensitive  gas.  Experiments  thus 
conducted  showed  that  the  amount  of  action  is  directly  proportional 
to  the  amount  or  intensity  of  the  light.  These  simple  relations 
were  observed  by  Dr.  Draper,  of  New  York,  in  1843  ;  but  his 
method  of  experimenting  differed  essentially  from  that  employed  in 
these  researches,  and  was  not  susceptible  of  any  very  great  degree  of 
accuracy.  The  relation  between  the  amount  of  action  and  the  mass 
of  the  sensitive  gas  has  not  as  yet  been  fully  determined ;  experi- 

*  See  Poggendorff*s  Annalen,  xcvi.,  373 ;  and  Quarterly  Joornal  of  Chemical 
Society,  Oct.  1855. 
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The  steam-engiDe  of  Wmtt  was  composed  of  four  organic  parts, 
wbich  were  pointed  out  on  a  working  model  before  the  meetings 
namely  : — 1.  The  furnace,  or  chamber  of  combustion,  with  its  flues 
and  diimney.  2.  The  boiler,  or  steam  generator.  3.  The  steam- 
vessel,  or  cylinder,  wherein  the  elastic  force  of  the  steam  is  imparted 
to  the  piston,  or  other  first  moving  parts  of  the  machinery.  4.  The 
condenser,  where  the  elastic  force  of  the  steam  is  destroyed  by 
abstracting  its  latent  heat,  by  injection  of  cold  water,  or  by  ex- 
posure of  cooled  metallic  suruces..  In  the  case  of  high-pressure 
engines,  it  would  seem  that  the  condenser  was  suppressed  ;  but  it 
might  be  said,  that  this  class  of  engines  makes  use  of  one  great 
common  condenser,  namely  the  atmosphere ;  the  separate  con- 
denser possessing  only  the  advantage  of  relieving  the  working 
piston  of  the  opposing  atmospheric  pressure.  The  only  essentiu 
improvement  of  the  steam-engine  that  has  been  introduced  since  the 
time  of  Watt  consists  in  working  the  steam  expansively,  whereby 
a  considerable  economy  has  been  attained  ;  but  it  is  well  known 
that  Watt  foresaw  the  advantages  that  would  be  realised  in  this 
direction,  and  was  prevented  only  by  insufficiency  of  the  mechanical 
means  at  his  disposal  from  realising  the  same. 

The  lofty  superstructure  proved  the  soundness  of  the  foundation 
Watt  had  laid ;  and  it  would  seem  hopeless  to  change  the  same, 
unless  it  could  be  proved  that  the  very  principle  r^arding  the 
nature  of  heat,  whereon  Watt  had  built,  had  given  way  to  another 
more  comprehensive  principle.  The  engine  of  Watt  was  based 
upon  the  material  theory  of  heat  that  prevailed  at  his  time,  and 
almost  to  the  present  day.  According  to  this  theory,  steam  was 
regarded  as  a  chemical  compound  of  water  and  the  supposed  im- 
ponderable fluid  ^'  heat,"  which  possessed  amongst  others  the  pro- 
perty of  occupying  under  atmospheric  pressure  nearly  1700  times 
the  bulk  of  the  water  contained  in  it.  The  Boulton  and  Watt  con- 
densing engine  took  the  full  advantage  of  this  augmentation  of 
volume,  which  effiected  a  proportionate  displacement  of  piston,  and 
the  condensation  of  the  steam  obviated  all  resbting  pressure  to  the 
piston. 

In  the  course  of  the  last  few  years  our  views  of  the  nature  of  heat 
had  however  undergone  a  complete  change ;  and,  according  to  the 
new ''  dynamic  theory,"  heat,  as  well  as  electricity,  light,  sound, 
and  chemical  action,  are  regarded  as  different  manifestations  of 
motion  between  the  intimate  particles  of  matter,  and  can  be  ex- 
pressed in  equivalent  values  of  palpable  motion  and  dynamic  effect. 
In  support  of  this  theory,  he  (Mr.  Siemens)  could  not  do  better 
than  refer  to  the  able  discourses,  recently  delivered  in  the  Royal 
Institution,  by  Mr.  Grove  and  Professor  Thomson.* 

Viewed  from  the  position  of  the  new  theory,  the  heat  given  out 
in  the  condenser  of  a  steam-engine,  represented  a  loss  of  mechanical 

*  Sec  pp.  152  olimI  199. 


288 


Dr.  Benee  Jones  on  VenHUuion^ 


[April  18, 


Vabyino  Cubic  Space. 
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As  a  striking  example  of  the  error  which  prevails  regarding  the 
cable  space  necessary  for  health,  and  as  a  good  instance  of  the 
worthlessness  of  the  appeal  to  practical  experience,  in  many  similar 
cases,  I  may  give  the  following  police  regulation  for  lodging- 
houses  : — 

^'  The  space  allowed  in  common  lodging-houses  for  each  lodger, 
in  rooms  from  5  fl.  6  in.  to  6  ft.  in  height,  is  50  superficial  feet ;  and 
in  rooms  more  than  6  ft.  in  height,  30  superficial  feet  are  allowed  for 
each  lodger. 

'^  TMs  arrangement  has  been  found  to  work  satisfactorily,  and 
to  secure  the  health  of  the  lodgers.  Two  children  under  10  years 
of  age  are  reckoned  as  one  adult.'* 


Police  AUiOWANCE  in  Lodging-Houses. 

When  5  ft.  6  in.  to  6  ft.  high,  50  superficial  feet  =  275  to  300  cubic  feet 
When  6  ft.  1  in.  high,  30  „  =183  cubic  feet 

That  is,  rooms  from  5  ft.  6  in.  to  6  fit.  high  give  from  275  to  300 
cubic  feet  for  each  person;  and  if  6 fl.  1  in.  high,  then  only  183 
cubic  feet  are  given. 

To  obtain  an  equal  amount  of  cubic  feet  of  air  the  rooms  should 
be  between  9  and  10  ft.  high.  The  jwlice  rule  is,  however,  justified 
by  experience !  '^  This  arrangement  has  been  found  to  work  satis- 
fectorily,  and  to  secure  the  health  of  the  lodgers."  This  does 
not  prove  the  truth  of  the  rule,  but  only  that  there  is  some  great 
mistake  in  the  rule. 

What  rule  then  must  be  made  ?  It  appears  to  me  that  instead 
of  taking  the  cubic  contents  of  a  room  as  the  guide,  the  ventilation 
and  the  square  contents,  or  in  other  words,  the  change  of  air  and 
the  size  of  the  floor,  can  alone  determine  the  number  of  persons 
that  can  safely  and  properly  be  admitted  into  any  space. 
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there  ought  to  be  a  whole  year's  unfiroien  fianires  in  the  ioe. 
Such  fissures  surely  would  not  require  the  act  of  freezing  to  render 
them  visible;  they  would  b^  seen  when  filled  with  blue  water  jui 
as  well  as  when  filled  with  blue  ice.  But  they  never  have  beea 
obser\'ed ;  and  it  is  therefore  to  be  inferred  that  they  have  no 
existence.  AVith  regard  to  the  drag  towards  the  centre,  whidi  it 
supposed  to  arise  from  the  viscosity,  and  in  which  dire^on  it  ii 
stated  that  "  filaments  slide  past  each  other,"  it  is  by  no  means 
clear  on  mechanical  grounds  that  such  a  dirag  exists.  For  the 
transfer  of  matter  from  the  sides  to  the  centre,  in  consequence  of 
such  a  drag,  must  finally  absorb  the  former,  unless  to  make  good  the 
loss  a  motion  in  some  other  portion  of  the  glacier  from  the  centre  to 
the  sides,  tliaiis  in  a  direction  opposed  to  Uie  theory,  be  established. 
Let  the  line  A  B,  (Fig.  1)  represent  the  centre  of  a  glacier ;  C  D 
its  side,  and  a  a  point  between  both.     Draw  mM,  o/i,  making 


A— 


JSk. 


Fig  I. 


TL 


e(iual  angles  with  the  centre  and  side.  In  consequence  of  the 
(|uicker  flow  of  the  centre  tlie  line  vi  n  tends  to  shorten  itself, 
cruising  a  thriut  on  the  point  a,  whicli  urges  it  towards  the  side 
C  1) ;  the  line  oj)  for  the  same  reason  tends  to  elongate  itself, 
wliich  produces  a  drag  of  the  point  a  towards  the  centre.  The 
j)oint  a  is  here  solicited  by  two  equal  forces,  and  the  resultant 
motion  will  be  along  the  line  A  B,  parallel  to  the  length  of  the 
glacier.  This  result  receives  the  most  complete  confirmation  from 
observation,  so  that  the  drag  towards  the  centre  expresses  only  half 
the  conditions  of  the  problem. 

To  test  the  question  on  a  small  scale,  the  following  experiment 

Fig.  2. 


O 


tn 
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was  niade,  A  B  C  D,  (Fig.  2)  is  a  wooden  trough,  six  feet  long,  and 
one  foot  wide.     The  end,  A  C,  of  the  trough  is  elevated.     O  is  a 
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Varro,  and  Columella*  These  books  will  make  them  in  time 
masters  of  any  ordinary  Latin  prose,  and  will  be  at  the  same  time 
"  occasions  of  inciting  and  enabling  them  hereafter  to  improve  the 
tillage  of  their  country."  The  use  of  maps  and  globes  is  to  be 
learnt  from  modern  authors ;  but  Greek  is  to  be  studied,  as  soon 
as  the  grammar  is  learnt,  in  the  ^'  historical  physiology  of  Aristotle 
and  Theophrastus."  Latin  and  Greek  authors  together  are  to  teach 
the  principles  of  aritiimetic,  geometry,  astronomy,  and  geography. 
Instruction  in  architecture,  fortification,  and  engineering,  follows. 
In  natural  philosophy  we  ascend  through  the  history  of  meteors, 
minerals,  plants,  and  living  creatures  to  anatomy.  Anatomy  leads 
on  to  the  study  of  medicine. 

The  objections  to  some  of  these  plans  are  too  obvious  to  need 
any  notice.  No  one  will  suppose  that  natural  philosophy  is  to  be 
learnt  from  Seneca,  or  agriculture  from  Columella.  Every  one 
will  admit  readily  that  his  own  amazing  powers  of  acquisition  led 
Milton  to  overrate  the  powers  of  ordinary  boys.  But  it  would 
seem  a  poor  reason  for  not  availing  ourselves  of  the  hints  that  he 
gives  us,  that  we  have  means  of  following  them  out  which  he  had 
not :  a  poorer  reason  still  for  not  profiting  by  the  warnings  which 
he  gives  us  against  filling  our  pupils*  heads  with  a  mere  multitude 
of  words,  that  he  perhaps  asked  them  to  take  in  more  both  of  words 
and  things  than  they  would  be  able  comfortably  to  carry.  If  he  is 
an  idealist,  he  is  certainly  also  a  stem  realist.  He  would  have  us 
always  conversant  with  facts  rather  than  with  names.  He  aims  at 
the  useful  as  directly  as  the  roost  professed  utilitarian.  The  pupib 
are  to  have  "  the  helpful  experiences  of  hunters,  fowlers,  fishermen, 
shepherds,  gardeners,  and  apothecaries,"  to  assist  them  in  tlieir 
natural  studies.  These  studies  are  to  increase  their  interest  in 
Hesiod,  in  Lucretius,  and  in  the  Georgics  of  Virgil.  The  incentive 
for  studying  medicine  is,  that  they  may  perhaps  "  save  armies  by 
frugal  and  expenseless  means,  and  not  let  the  healthy  and  stout 
bodies  of  young  men  under  them  rot  away  for  want  of  tiiis  (medi- 
cal) discipline.*' 

Two  other  objections  have  been  raised  by  Dr.  Johnson  against 
this  scheme  of  education.  The  first  will,  probably,  not  have  great 
weight  with  the  members  of  the  Royal  Institution,  for  it  turns  upon 
the  comparative  worthlessness  of  the  physical  sciences.  The  other 
is  expressed  in  some  very  elegant  sentences,  maintaining  that  the 
formation  of  a  noble  and  useful  character  is  the  true  end  of  educa- 
tion. One  cannot  help  deploring  that  maxims  so  good  and  well- 
delivered  should  be  so  utterly  thrown  away.  They  are  absurdly 
inapplicable  to  Milton*s  letter.  It  is  throughout  a  complaint  that 
the  existing  education  was  not  sufficiently  directed  to  the  purpose  of 
forming  brave  men  and  good  citizens.  It  is  throughout  an  assertion 
that  that  is  the  only  purpose  which  any  education  ought  to  aim  at. 
The  classics  are  not  resorted  to  for  the  purpose  of  forming  a  style, 
but  of  instilling  manly  thoughts,  which  a  higher  wisdom  may  purify 
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Savage's  work  "  On  the  Art  of  Decorative  Painting,"  published  in 
1 822,  with  additional  Illustrations. 

The  following  Presents  were  announced,  and  the  thanks  of  the 

Members  returned  for  the  same  :  — 

Fbom 
Her  Majesty's  Gooemmcn/— Catalogae  of  Stare  near  the  Eclipdc,  olMerred  at 

Markree    1854-6.     8vo.     185G. 
Eatt  India  Company,  the  /fcm.— Rig  Veda  Sanhita.  Edited  by  Dr.  Max  Mttller. 

Vol.  III.    4to.     1856. 
Lords  (f  the  Admiralty— The  Nautical  Almanac  for  1857-60.    8vo. 

Acadifmie  des  Sciences  de  P Institut  ImpMal  de  Prance — M^mmres  pr^8eot6i  par 

DiTeraSavans.    Tome  XIV.    4to.     1856. 
M^moires.    Tome  XXVII.    Partie  I.    4to.     1856. 
Supplement  aux  Comptes  Rendos.    Tome  I.    4to.     1856. 
Actuaries,  Institute  o^Awirance  Magazine.    No.  26.    8vo.    1857. 
Art' Union  <^  Londom^Ue^ari  for  1856.    8yo. 

Almanacs  for  1857.    Svo. 
Asiatic  Sociely  of  Bengal — Joamal,  No.  257.    8yo.    1855. 
Astronomical  Society,  Royal— Moafhlj  Notices.    Vol.  XVII.    Nos.  1,  2.    Sro. 

1856. 
Babbage,  Charles,  Esq.  F.R.S,  {the  ilitf^or)— Analysis  of  the  Statistics  of  the 

Clearing-hoase  during  1839.    8vo.     1856. 
Bell,  Jacob,  Esq,  M.RJ. — Pharmaceutical  Jounial  for  Jan.  1857.    Sro. 
Boosey,  Messrs.  (the  Publishers) —The  Musical  World  for  Jan.  1857.    4to. 
British  Architects,  Roual  Institute  o/^— Proceedix^  in  Jan.  1857.    4to. 
British  and  Foreign  Bible  Society — Catalogue  of  their  Library,  by  G.  Bullen. 

8vo.     1857. 
Carpenter,  W.  B,  M,D,  F.R,S.  (the  Author}— HetesiTchea  on  the  Foraminifera. 

Part  2.    4to.    (Phil.  Trans.)     1856. 
Copland,  James,  M.D,  F.R.S,  {the  Author)— On  the  Drainage  and  Sewage  of 

Ix)Ddon.     l2mo.     1857. 
Ve  la  Rue,  Warren,  Esq,  FJi,S,  JIf.i?./.-- Engraving  of  Jupiter,  as  seen  with 

a  Newtonian  Equatoreal  of  13  inches  aperture,  Oct.  25,  1856. 
Editors^The  Medical  Circular  for  Dec.  1856,  and  Jan.  1857.    8vo. 

The  Practical  Mechanic's  Journal  for  Dec.  1856,  and  Jan.  1857.    4to. 

The  Journal  of  Gas- Lighting  for  Dec  1856,  and  Jan.  1857.    4to. 

The  Mechanic's  Ma^zine  for  Dec.  1856,  and  Jan.  1857.     8vo. 

The  Athenaeum  for  Dec.  1856,  and  Jan.  1857.     4to. 

Tha  Engineer  for  Dec.  1856,  and  Jan.  1857.    fol. 

The  Literarium  for  Dec.  1856,  and  Jan.  1857. 
Faraday,   Professor,    D,C,L.   F.R,S. — Monatsberichte  der  Konigl.     Preuss. 

Akademie,  Sept.  und  Okt.  1856.    8to.    Berlin. 
Franklin  Institute  of  Pennsylvania — Journal,  Vol.  XXXI.     No.  5 ;   and  Vol. 

XXXIL     Nof;  3,  4,  5,  6.     8vo.     1856. 
Gamgee,  Joseph  S,,  Esq,  {the  Author) — Researches  in  Pathological  Anatomy 

and  Clinical  Surgery.    8vo.     1856. 
On  the  Advantages  of  the  Use  of  the  Starched  Apparatus  in  the  Treatment 

of  Fractures,  &c.     8vo.     1853. 
Reflections  on  Petit's  Operation.     8vo     1855. 
Osservazioni  sul  Regime  Dietetico.     8vo.     1853-4. 
Geographical  Society,  Royal — Proceedings,  No.  6.     8vo.     1857. 
Gladstone,  IJr,  J,  H  P.R.S.  MM, I,  {the  Author)— Pa^rs  on  Chemical 

Affinity,  &c.     4(».  and  8vo. 
GlUsener,  M.  (the  -<4w/Aor)— Rccherches  sur  la  T61egraphe  Electrique.     8vo. 

Lidge,  1855. 
Graham,  George,  Esq,  (Registrar-General) — Report  of  the  Registrar-General 

for  Dec.  1*856,  and  Jan.  1857.    8vo. 
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WEEKLY   EVENING  MEETING, 
Friday,  February  6. 

Sir  Bsnjamin  Collins  Brodie,  Bart.  D.C.L.  F.RJS. 
Vice-Presideoty  in  the  Chair. 

John  Haix  Gladstone,  Ph.D.  F.H.S.  M.R.I. 
On  Chromatic  Phenomena  exhibited  by  Transmiiied  Light 

The  origin  of  colour  was  first  illustrated  by  some  elementaiy 
remarks  and  experiments.  It  was  laid  down  as  a  fundamentdi 
principle,  that  the  colour  of  an  object  depends  on  its  reflecting  or 
transmitting  those  rays  of  light  which  are  capable  of  producing  the 
sensation  of  the  said  colour.  The  objection  that  a  rose  is  red  not 
only  when  viewed  by  red  light,  but  when  seen  in  oolooiiess  day- 
light, was  answered  by  showing  that  a  beam  of  colourless  light  from 
the  electric  lamp  really  consisted  of  very  many  coloured  rays,  and 
was  resolvable  by  a  prism  into  a  red,  orange,  yellow,  green,  blue, 
indigo,  and  violet  light  This,  when  received  on  a  white  screen, 
showed  a  brilliantly  coloured  spectrum,  and  brightly  tinted  objects 
appeared  of  their  ordinary  hue  only  when  illuminated  by  the  ray 
of  the  same  colour.  It  was  explained  that  the  electric  light  closely 
resembles  that  of  the  sun,  but  that  the  light  of  the  great  luminary 
is  deficient  in  certain  rays^  so  that  a  prismatic  spectrum  formed  by 
daylight  is  traversed  by  very  thin  dark  lines,  which  have  been 
mapped  and  designated  A,  B,  C,  D,  <Sbc.  Most  artificial  lights 
contain  certain  coloured  rays  in  excess,  hence  objects  illuminated 
by  them  exhibit  that  colour  more  prominently  than  by  daylight 
The  soda  flame,  for  instance,  consists  almost  wholly  of  certain 
yellow  rays  which  are  wanting  in  the  sun's  light,  coinciding  in 
refrangibility  (as  Mr.  Crookes  has  shown)  with  the  dark  line  D  ; 
hence  red  or  blue  objects  illuminated  by  it  appear  black,  and 
nothing  is  reflected  from  those  which  do  appear  luminous  excepting 
a  ghastly  yellow. 

Leaving  reflected,  and  turning  to  transmitted  light,  it  was  seen 
that  pieces  of  coloured  glass,  interposed  in  the  beam  of  light  from 
the  electric  lamp,  stopped  certain  rays,  while  they  allowed  others 
to  pass  through  ;  thus  a  red  glass  cut  ofl*  all  the  blue  end  of  the 
spectrum,  while  a  smalt-blue  glass  divided  the  red  end  into  several 
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the  general  rule ;  yet  a  solution  of  yellow  chromate  of  potash 
appeared  scarcely  any  paler  when  diluted  with  perhaps  twenty  times 
its  bulk  of  water.  Sometimes  also  a  complete  change  of  colour 
takes  place ;  thus  acetate  of  chromium,  which  was  red,  became 
green  when  considerably  diluted  with  pure  water :  a  few  drops  of 
cochineal,  stirred  up  in  a  tall  champagne  glass  filled  with  water, 
imparted  a  red  tint  to  the  upper  wide  portion,  and  a  lavender  tint 
to  the  lower  and  narrow  portion.  A  neutral  solution  of  litmus  is 
blue,  alkalies  render  this  (as  is  well  known)  still  more  blue,  boradc 
or  carbonic  acid  changes  it  to  a  wine  red,  and  other  acids  to  a 
bright  red :  yet  slightly  acid  litmus  was  exhibited  of  a  pale  purple 
hue,  and  alkaline  litmus  of  a  deep  red  colour.  Ail  these  phenomena 
were  stated  to  be  dependent,  not  on  any  chemical  action  exerted  by 
the  water,  but  on  the  quantity  of  the  colouring  substance  traversed 
by  the  light  in  its  passage  to  the  eye  ;  the  same  solution  appearing 
of  dltferent  colours  according  to  the  thickness  seen  through,  and  a 
deep  stratum  of  a  dilute  liquid  liaving  the  same  tint  as  a  shallow 
stratum  of  the  same  liquid  when  strong.  The  speaker  added,  that 
this  phenomenon  had  been  fully  described  and  explained  by  Sir  John 
Herschel,  who  termed  it  Dichromatism,  but  that  fresh  instances  of 
it  were  being  constantly  observed  ;  indeed,  after  investigating  some 
cases  of  it  last  summer,  he  had,  during  a  tour  on  the  continent, 
noticed  a  fruit  sauce  which  constantly  appeared  at  the  hotel  dinners 
in  Bavaria  and  other  parts  of  Germany,  and  was  beautifully  di- 
chromatic, red  and  blue,  with  every  intervening  shade  of  purple. 
By  this  character  he  had  traced  its  composition,  and  found  the 
Cv)lour  was  due  to  the  deep  red  cherries  wliich  were  very  abundant 
at  that  season.  He  had  noticed  the  phenomenon  likewise  in  some 
s])eciraens  of  the  ordinary  wine,  in  essence  of  lavender,  in  the  syrup 
of  green-gage  tart,  as  well  as  in  some  pure  chemical  substances, 
such  as  red  prussiate  of  potash,  meco!iate  of  iron,  purple  comena- 
mate  of  iron,  citrate  of  iron,  sulphindigotic  acid^  and  permanganate 
of  potash. 

The  prism  reveals  the  origin  of  all  these  chromatic  phenomena. 
It  shows  that  the  different  rays  of  the  spectrum  are  capable  of 
penetrating  different  distances  into  a  coloured  medium.  Thus,  if 
port  wine  be  placed  in  a  wedge-shaped  glass  vessel,  and  this  inter- 
posed in  the  refracted  rays  in  such  a  position  that  each  coloured 
ray  can  fall  upon  the  different  thicknesses  of  the  liquid,  it  will  be 
found  that  all  the  rays  of  the  spectrum  can  penetrate  a  thin 
stratum,  but  that  as  the  liquid  increases  in  depth  all  are  absorbed 
except  the  least  refrangible  red.  Hence  the  thin  film  of  a  bubble 
of  port  is  colourless.  If  yellow  chromate  of  potash  be  examined  in 
a  similar  manner,  it  is  found  to  cut  off  the  blue  and  violet  rays  at 
once,  and  to  transmit  the  less  refrangible  half  of  tlie  spectrum  with 
equal  freeness  whether  the  stratum  be  thin  or  thick.  Hence  it  is 
that  dilution  scarcely  diminishes  the  colour  of  this  dissolved  salt. 
If  a  wedge  of  cobalt-blue  glass  (which  is  dichromatic)  be  inter- 
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jective  origin.  Difiicalties  of  another  character  have  also  been 
urged  against  Brewster's  deduction,  by  llelmholtz  and  others,  and 
may  be  drawn  from  Maxwell's  experiments.  It  is  certain  that 
changes  in  the  apparent  colour  of  a  particular  ray  may  arise  from 
other  causes  than  the  absorption  of  one  kind  of  light,  while  another 
kind  having  the  same  angle  of  refraction  is  transmitted.  Of  these 
may  be  enumerated  : — First,  an  actual  change  of  refrangibility,  as 
in  the  cases  of  '^  fluorescence/'  so  fully  investigated  by  Professor 
Stokes.  Secondly,  a  difference  in  the  impression  on  the  sense,  arising 
from  change  of  intensity.  Thus  blue,  if  very  luminous,  inclines  to 
white,  if  faintly  luminous  to  violet ;  and  so  the  fore-mentioned  note- 
book designates  the  faint  rays  about  F  that  were  transmitted  by  the 
red  bell-glass, ''  lilac,"  and  the  speaker  had  observed  the  blue  in  the 
prismatic  spectra  given  by  ammonio-sulphate  of  nickel,  and  by 
tincture  of  lavender,  gradually  shading  off  into  violet  as  the  light 
passed  through  deeper  strata  of  liquid.  The  yellow  of  the  solar 
spectrum  appears  to  occupy  a  considerable  space,  if  the  sun  be 
bright,  but  if  diffuse  daylight  be  examined,  that  space  appears 
orange  and  green,  while  the  yellow  is  perhaps  confined  to  a  very 
luminous  line  a  little  beyond  D.  It  is  not  to  be  wondered  at  there- 
fore that  the  green  in  the  spectra  of  port  wine  and  of  citrate  of 
iron,  appears  to  invade  the  space  usually  occupied  by  the  yellow, 
and  the  orange  yellow.  Yet  in  such  cases  the  impression  on  differ- 
ent eyes  may  be  very  different ;  thus,  in  rehearsing  the  experiments 
with  the  electric  light  at  the  Royal  Institution,  Dr.  Gladstone  had 
seen  the  bright  space  beyond  I)  transmitted  by  blue  glass  of  a 
decidedly  green  tint ;  but  Mr.  Anderson  had  unhesitatingly  called 
it  yellow,  its  proper  colour.  This  difference  of  sensation,  arising 
from  difference  of  intensity,  was  illustrated  by  the  "  Cercles  chro- 
matiques  "  of  M.  Chevreul,  the  first  of  which  represents  the  bright 
colours  of  the  spectrum,  in  which  that  called  "  Jaune  "  is  certainly 
a  beautiful  yellow ;  but  the  succeeding  circles  represent  the  same, 
reduced  by  the  admixture  of  various  percentages  of  black,  and 
in  them  the  ^^  Jaune**  becomes  green^  and  so  likewise  does  the 
"  Orange**  where  a  very  large  proportion  of  black  has  been  added. 
A  revolving  disk,  coloured  black,  on  which  had  been  fastened  a 
s^ment  of  bright  yellow  paper,  appeared  uniformly  green  when 
set  in  rapid  motion.  Again,  on  one  of  Maxwell's  colour  tops  was 
fixed  an  outer  circle  of  red,  and  an  inner  one,  partly  black  and 
partly  orange ;  when  the  top  was  spun  the  inner  circle  appeared 
green.  Thirdly,  contrast  will  frequently  change  the  apparent 
colour  of  a  particular  ray.  The  result  in  the  last  experiment 
was  partially  due  to  this  cause,  the  outer  circle  of  bright  red 
facilitating  the  sensation  of  its  complementary  colour  green.  Thus 
the  dim  light  between  D  and  E  in  the  spectrum  of  ammonio- 
sulphate  of  nickel,  with  bright  orange  on  one  side  and  green  on 
the  other,  assumes  a  very  indefinite  tint.  The  very  remarkiible 
prismatic  image  given  by  a  solution  of  permanganate  of  potash  in 
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The ^rst  method,  in  which  light  was  used  to  aid  theengraver^s  art 
was  almost  coeval  with  the  first  attempts  made  to  produce  sun-drawn 
pictures.  Indeed  it  had  been  assert^  tliat  photography  and  photo- 
graphic engraving  were  invented  between  the  yean  1813  and  1827, 
by  one  man,  Nicephore  Niepce,  of  Chalon  on  the  Saane.  A 
reference,  however,  to  the  Journal  of  the  Koyal  Institution*  would 
show  that  photography  really  sprang  from  the  laboura  of  Thomas 
Wedgwood  and  Humphry  Davy,  as  far  back  as  the  year  1802. 

Although  we  cannot  accord  to  Nicophore  Niepce  the  merit  of 
originating  photography,  we  must  give  him  the  undivided  title  of 
founder  of  the  art  of  photographic  engraving,  and,  moreover, 
acknowledge  that  he  was  the  first  to  fix  not  only  a  direct  poeitiee 
photograph,  but  also  to  secure  on  metal  and  glass  plates  the  images 
of  the  camera,  and  this  long  before  Daguerre  produced  his  won- 
derful plates.     Of  this  there  can  remain  no  doubt,  after  a  study  of 
the  remarkable  specimens  which  Dr.  Robert  Brown  has  so  kindly 
enabled  photographers  now  for  the  first  time  publicly  to  examine. 
It  was  not  generally  known  that  Niepce's  images  of  1827  had  so 
much  that  is  beautiful,  in  common  with  the  daguerreotype  of  a  later 
date.     Daguerre's  pictures  may  be  said  to  be  only  exalted  examples 
of  the  same  phenomenon :  yet  the  processes  are  widely  different 
Niepce's  method  was  beautifully  simple,  and  as  it  gives  us  the 
ground-work  of  his  etching  process,  must  be  briefly  described.    He 
took  a  bituminous  substance  called  Jew's  pitch  or  asphaltum ;  upon 
this  he  poured  oil  of  lavender  to  resolve  the  bitumen  into  a  varnish 
with  which  he  could  coat  plates  of  metal  or  glass.     He  used  chiefly 
pewter  and  copper  plated  with  silver.     A  plate  coated  and  dried 
was  exposed  to  the  light  with  an  engraving  superimposed,  or  it  was 
placed  in  the  field  of  the  camera  obscura  just  as  \yedgwood  and 
Davy  placed  their  prepared  papers  ;  and  with  a  certain  similarity  of 
result,  inasmuch  as  a  photographic  image  was  obtained  on  the  var- 
nished plate.    This  image,  however,  unlike  that  of  Wedgwood  and 
Davy,  was  not  visible.   The  plate  had  to  be  submitted  to  the  solvent 
action  of  a  mixed  liquid,  composed  of  one  part  of  oil  of  lavender 
and  ten  parts  by  measure  of  white  oil  of  petroleum,  or  mineral 
naphtha.     On  immersion  in  this  fluid  the  remarkable  fact  revealed 
itself,  that  wherever  the  light  had  acted  the  varnish  had  become 
insoluble,  and  in  a  certain  degree  proportionately  so  to  the  intensity 
of  the  light.     There  were  not  only  lights  and  sliadows  but  half 
tints.    The  picture,  as  soon  as  developed  by  the  solvent,  was  re- 
moved, drained,  and  washed  with  water  to  check  all  further  action. 
The  shadows  of  tlie  picture  were  now  represented  by  the  parts  of 
the  white  metal,  or  glass  plate  laid  bare  ;  the  lights  were  given  by 
the  film  of  varnish  which  the  light  had  hardened,  and  the  solvent 
had  left  untouched.     The  plate  now  finished  was  capable  of  being 
etched  by  simply  pouring  engraver's  acid  upon  its  surface.     The 

*  Joonal  of  the  Royal  Institution,  Vol.  I.  p.  170. 
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worthy  of  further  investigation.    Here  the  image  is  truly  drawn  by 
light  and  engraved  by  electricity, 

M.  Fizeau,  alK>ut  the  year  1844,  also  patented  in  this  country, 
in  conjunction  with  M.  Claudet,  a  process  for  engraving  the  da- 
guerreoty(>e  image.  The  speaker  was  instructed  in  this  process  by 
M.  Fizeau,  and  worked  for  many  montlis  at  its  perfection.  Results 
obtained  both  in  France  and  England  were  upon  the  table,  and 
showed  that  in  cases  where  great  delicacy  of  delineation  was  re- 
quired, as  in  certain  anatomical  subjects,  this  process  had  not  been 
surpassed.  It  quite  justified  the  formation  of  a  second  division  of 
the  available  photographic  engraving  processes. 

M.  Fizeau,  like  Mr.  Grove,  availed  himself  of  the  affinity  of 
chlorine  for  silver,  but  relied  on  chemical  action  for  its  application. 
He  (M.  Fizeau)  made  a  solution  of  common  salt  and  nitrite  of 
potash  in  water,  to  which  he  added  nitric  acid.  This  mixed  acid 
acted  immediately  when  aided  by  warmth,  upon  the  silver  of  Da- 
guerre's  plate,  and  left  untouch^  the  parts  supposed  to  be  com- 
pletely covered  by  mercury.  Chloride  of  silver  was  thus  at  once 
formed  in  the  shadows  of  the  images,  and  after  some  time  in  the 
half  tints  also.  A  very  faint  etching  was  thus  produced.  A  pro- 
longed application  of  the  acid  would  not  further  deepen  the  etching, 
since  the  insoluble  chloride  of  silver  at  first  formed  protected  the 
faintly  etched  parts  from  a  further  deepening  corrosion.  It  was 
therefore  necessary  to  remove  the  chloride  of  silver  by  washing 
with  a  solution  of  ammonia.  This  effected,  the  plate  was  ready  for 
a  second  application  of  the  acid,  when  chloride  of  silver  would  be 
again  formed,  to  be  once  more  removed  by  ammonia ;  and  this 
alternation  of  solutions  could  be  repeated  a  certain  number  of  times, 
the  etching  increasing  in  depth  at  each  operation.  But  in  practice 
it  was  found  that  after  a  few  applications  of  the  acid  the  lights  of 
the  image  also  gave  way,  and  thus  the  engraving  came  to  an  untimely 
end.  To  remedy  this  circumstance  was  M.  Fizeau's  great  aim ;  and 
he  succeeded  in  a  marked  degree  by  heating  the  etched  plate  in  a 
strong  and  boiling  solution  of  caustic  potash,  after  which  treatment 
the  lights  resisted  well  tlie  injurious  action  they  had  before  suffered 
from.  It  is  not  clear  how  the  potash  acts.  M.  Fizeau  has  sup- 
posed, and' the  speaker  was  inclined  to  support  the  view,  that  the 
potash  acts  merely  as  a  hot  bath,  possessing  a  proper  and  a  regular 
temperature  which  might  restore  the  continuity  of  the  amalgamated 
surface  of  mercury  and  silver  as  oflen  as  it  was  weakened  to  the 
point  of  breaking  by  the  under-biting  of  the  acid  liquid.  The 
heating  in  potash  is  an  important  feature  in  M.  Fizeau's  process. 
As  soon  as  the  etching  has  been  carried  as  far  as  possible  by  the 
acid  mixture,  the  plate  is  dried  and  inked  with  fine  printer's  ink, 
and  an  impression  may  be  immediately  taken ;  but  M.  Fizeau 
prefers  that  the  ink  should  be  allowed  to  dry  in  the  hollows  of  the 
plate,  the  unetched  parts  being  wiped  clean,  so  that  gold  may  be 
deposited  only  upon  the  bright  part*;  by  the  electrotype  process. 
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GENERAL  MONTHLY  MEETING, 
Monday,  March  2. 

William  Pols,  Esq.  M.A.  F.R.S.  Treasurer  and  Yioe-PnddeDt, 

in  the  Chair. 

Edward  Richards  Adams,  Esq.  M.A. 

Lieut.-Col.  F.  St.  Leger  Alcocke. 

Neil  Amott,  M.D.  F.R.S. 

Major  Lewis  Burroughs. 

John  Glutton,  Esq. 

Edward  Cotton,  Esq. 

Charles  Alfred  ElUott,  Esq. 

Rev.  Robert  Everest,  F.GJS.  F.StatS. 

Frederick  Gray,  Esq. 

Thomas  Williams  Helps,  Esq.  M.A. 

Miss  Elizabeth  C.  C.  Latter. 

George  Matthey,  Esq. 

John  Monk,  Esq. 

Dr.  Alphonse  Normandy. 

Lady  Pollock. 

Rev.  William  Rogers. 

Russell  Scott,  Esq. 

Alexander  Trotter,  Esq. 

William  Trotter,  Esq. 

Mrs.  Sarah  Tomlinson. 

Edward  Vivian,  Esq. 

Richard  Henry  S.  Vyvyan,  Esq.  and 

Edward  Orange  W.  Wliitehouse,  Esq. 

were  duly  elected  Members  of  the  Royal  Institution. 

John  Lister,  Esq.  and 
Joseph  Wood,  Esq. 

were  admitted  Members  of  the  Royal  Institution. 

The  foUoinng  Presents  were  announced,  and  the  thanks  of  the 
Members  returned  for  the  same  : — 

Fbok— 

Affricukitral  Society,  i^oyo/— Journal,  Vol.  XVII.    Part  2.    8vo.    1857. 
Attrtmomical  Society,  Boval—Moaihly  Notices,  Vol.  XVII.    No.  3.  8yo.   1857. 
.B^,  Jacob,  Esf,  M.Ru. — Pharmaceutical  Joomal  for  Feb.  1857.    8to. 
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sequence  of  the  bell  having  a  much  gpreater  power  both  of  bearing 
blows  and  of  giving  out  sound  than  usual ;  and  if  we  knew  nothing 
more  about  the  matter  than  that  there  is  one  large  bell  in  £nglana 
which  will  advantageously  bear  a  clapper  twice  as  heavy  in  pro- 
portion as  any  other,  it  would  be  enough  to  show  that  there  most 
be  some  essential  difference  between  the  constitution  of  that  and 
other  bells,  wliich  is  worth  investigating. 

The  art  of  bellfounding  having  sunk  so  low,  as  is  indicated  by 
what  has  taken  place  at  the  lioyal  Exchange,  and  by  the  great  bdl 
of  York  being  not  used  at  all,  after  having  cost  £2000,  exoept 
having  the  hour  struck  upon  it  by  hand  ouce  a-day,  it  was  obviously 
necessary  to  begin  at  the  beginning,  as  we  may  say,  and  take 
nothing  for  granted  as  proper  to  be  adopted,  merely  because  we 
find  it  in  common  use  now.  Accordingly,  when  I  undertook  the 
responsibility  of  determining  the  size,  and  shape,  and  composition  of 
these  five  bells,  the  bellfounders  liaving  refused  to  take  any 
responsibility  beyond  that  of  sound  casting  according  to  orders,  the 
Chief  Commissioner  of  Works  authorised  the  making  of  such 
experiments  as  might  be  required  before  finally  determining  the 
design  and  composition  of  the  belb.  Those  experiments  have 
only  cost  about  £100,  a  small  sum  compared  witli  the  value  of  this 
one  bell,  and  quite  insignificant  compared  with  the  importance  of 
success  or  failure  in  a  national  work  of  this  kind.  I  may  observe 
aido,  that  there  is  no  reason  to  believe  tliat  the  art  of  malang  large 
bells  is  at  present  in  a  more  flourishing  state  abroad  than  here* 
All  the  foreign  bells  in  the  G reat  Exhibition  of  1851  were  bad. 
Sir  Charles  Barry  and  Professor  Wheatstone  were  requested  by 
tlie  lk>ard  of  Works  to  make  inquiries  on  the  subject  at  the 
Paris  Exhibition  in  1 855  ;  and  it  appears  that  there  is  no  foreign 
bellfoundcr  who  has  ciist  any  bell  above  a  quarter  of  the  weight  of 
the  Westminster  bell  ;  and  the  proportions  of  copper  and  tin  which 
were  stated  to  be  used  by  the  one  who  has  the  highest  reputation, 
M.  Hildebrand,  of  Paris,  differ  from  those  which  I  am  satisfied  are 
the  best,  both  from  tlie  analysis  of  old  bells  of  great  celebrity  and 
from  my  own  experiments.  I  am  equally  convinced,  that  the 
French  shape  of  bells  is  not  only  not  the  best,  but  is  not  so  good  as 
what  may  be  regarded  as  the  standard  English  shape. 

I  have  said  already  that  you  may  get  any  depth  of  note  out  of 
a  bell  of  any  weight  by  making  it  thin  enough.  At  first,  everybody 
who  hears  a  bell,  like  that  which  stood  at  the  west  end  of  the  Exhi- 
bition of  1851,  sounding  with  29  cwt.  very  nearly  the  same  note  as 
our  16  ton  bell,  is  ready  to  pronounce  the  common  form  of  bell, 
with  a  sound  bow  of  -rV^h  or  y^th  of  its  diameter,  a  very  absurd 
waste  of  metal.  But  did  it  ever  occur  to  them  to  consider,  how  far 
they  could  hear  that  29  cwt.  hemispherical  bell  ?  It  could  not  be 
heard  as  far  as  a  common  bell  of  2  or  3  cwt. ;  and  before  you  get 
to  any  great  distance  from  a  bell  of  that  kind,  the  sound  becomes 
thin  and  poor,  and  what  we  call  in  bell -founding  language,  potty. 
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of  the  Cathedral,)  and  that  of  the  great  bdl  ci  Bow,  wliich  b 
probably  much  the  aame  as  that  of  St.  Paul's,  York,  and  Tanwiln, 
as  they  all  came  from  the  same  foundry  in  WhitechapeL  Indeed, 
the  sound-bow  of  this  bell  is  fuller  outside  than  the  Faria  bell, 
because  it  is  thicker ;  so  much  so,  that  a  straight  edge  laid  exter- 
nally against  the  top  of  the  bell  and  the  sound-bow  would  be  thiowB 
out  beyond  the  lip ;  whereas  generally  such  a  straight  line  would 
touch  the  lip,  and  just  clear  the  sound-bow.  Only  within  the  last 
few  days  I  have  found  one  other  remarkable  exception  to  this 
general  rule  of  construction,  and  a  remarkable  coincidJeDce  with  the 
external  shape,  and  the  proportions  of  height,  breadth,  and  thick- 
ness of  our  bell,  and  that  is  no  other  than  the  great  bell  of  MoaooW| 
of  which  an  exact  section  is  given  in  Lyail's  Russia,  with  ▼arioua 
different  versions  of  its  weight.  The  inside  shape,  however,  is  not 
the  same,  and  I  am  satisfi^  not  so  good,  the  curve  being  discon- 
tinuous, and  presenting  an  angle  just  below  where  the  clapper 
strikes,  as  in  the  Paris  bell.  That  bell  seems  to  have  had  a  veiy 
short  life,  a  large  piece  having  been  broken  out  in  a  fire  the  year 
afler  it  was  cast.  Sir  Roderick  Murchison  tells  me  that  the  sound 
of  the  Russian  bells  is  remarkably  sweet. 

I  cannot  find  that  the  exact  height  of  a  bell  makes  mnch  difier* 
ence.  The  foreign  bells,  except  the  Russian  ones,  it  seems,  are 
generally  higher  than  ours,  being  nearly  |^th  of  their  diameter  hig^ 
whether  you  measure  it  vertically  inside,  or  obliquely  outside  mm 
the  lip  to  the  top  comer,  as  the  two  measures  are  generally  much 
alike  on  account  of  the  curvature  of  the  top  or  crown.  Oun  nm 
from  -|rd  to  1th  of  the  diameter,  though  there  are  some  higher ; 
and  on  the  whole  my  impression  is  against  the  high  ones.  The 
vertical  height  inside  of  all  these  bells  at  Westminster  is  W  of  the 
diameter.  Lower  than  that,  the  bell  does  not  look  well;  and  I 
never  saw  an  ugly  bell  that  was  a  good  one ;  and  it  is  clear  from 
all  our  experiments,  that  the  up|)er  or  nearly  cylindrical  part  ia 
of  considerable  importance,  and  though  its  vibrations  are  hardly 
sensible,  it  cannot  even  be  reduced  in  thickness  without  injury  to 
the  sound,  of  which  we  had  a  curious  proof.  A  bell  of  the  usual 
proportions,  in  which  the  thickness  of  the  upper  or  tliin  part  is  one- 
third  of  the  sound  bow  or  thickest  part,  sounds  a  third  or  a  fourth 
above  the  proper  note  when  it  is  struck  in  the  waist,  and  the  sound 
there  is  generally  harsh  and  unmusical  besides.  It  occurred  to  both 
my  colleague,  the  Rev.  W.  Taylor,  and  myself,  that  it  would  be  better 
to  make  the  waist  thinner,  so  as  to  give  the  same  note  as  the  sound 
bow.  After  two  or  three  trials  we  succeeded  in  doing  this  veiy 
nearly,  and  without  reducing  the  waist  below  fth  instead  of  \tA  of 
the  sound  bow.  The  bell  sounded  very  freely  with  a  light  blow, 
and  kept  the  sound  a  long  time,  and  a  blow  on  the  waist  gave  a 
much  better  sound  than  usual.  But  for  all  that,  when  we  tried  it 
at  a  distance  with  another  bell  of  the  same  size  and  same  thickness 
of  sound  bow,  but  a  thicker  waist,  the  thin  one  was  manifestly  the 
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16  toDs,  within  174  lbs.,  and  raised  the  aote  from  £  flat  to  £. 

Fortunately  the  same  ratio  of  increase  was  made  throughout,  and 

the  waist  is  3|  in.,  or  one-third  of  the  sound-bow,  as  it  ought  to 

be ;  and  therefore  the  only  effect  of  the  mistake  is,  that  the  bell  is 

heavier  and  more  powerful ;  for  it  being  cast  the  first,  the  altentioo 

of  the  note  did  not  signify,  as  the  four  quarter  bells  can  as  earily 

be  made  to  accord  with  £  natural  as  with  £  flat.     And  as  they 

will  be  rather  smaller  in  consequence,  the  aggregate  weiffht  of  the 

whole  five  will  be  about  24  tons,  as  I  originaDy  estimated.     I  have 

only  to  add,  with  reference  to  this  part  of  the  subject,  that  the  width 

of  the  bell  at  the  top  inside  is  half  the  width  at  die  month,  as  it 

generally  is ;   though  in  some  bells,  for  instance,  the  great  clock 

bell  at  £xeter,  it  is  the  outside  diameter  that  is  made  half  the 

diameter  at  the  mouth.    It  is  of  no  use  to  state  here  the  predse 

geometrical  rules  by  which  the  pattern  of  a  bell  of  what  we  now 

call  the  Westminster  pattern  b  drawn,  as  they  are  purely  empiricaL 

I  mean,  that  having  got  a  bell,  by  trial,  wluch  we  all  agreed  was 

better  than  any  other,  I  made  out  some  sufficiently  simple  rules 

for  drawing  the  figure  of  its  section  by  means  of  a  few  drdei 

whose  radii  are  all  some  definite  numbers  of  24th  parts  of  the 

diameter  of  the  bell :  but  there  is  no  kind  of  a  priori  reason,  that 

I  know  of,  why  a  bell  whose  section  or  sweep  is  made  of  those 

particular  curves,  should  be  better  than  any  other ;  and  therefore  I 

call  the  rules  for  tracing  the  curve  merely  empirical ;   and  as  they 

would  be  of  no  use  to  any  one  but  bellfounders,  who  know  them 

already,  or  easily  may,  if  they  like,  I  shall  say  no  more  on  this  part 

of  the  subject. 

As  I  have  been  asked  many  questions  about  the  mode  of 

calculating  the  size  of  a  bell,  so  as  to  produce  a  particular  note,  and 

the  answer  is  very  simple,  I  may  as  well  give  it,  though  it  may  be 

found  already,  with  other  information  on  this  subject,  in  the  only 

£nglish  book  I  know  of  which  contains  such  information,  I  mean 

the  second  edition  of  my  Lectures  on  Church  Building^  to  which  a 

chapter  on  bells  is  added.    If  you  make  eight  bells,  of  any  shape 

and  material,  provided  they  are  all  of  the  same,  and  their  sections 

exactly  similar  figures  (in  the  mathematical  sense  of  the  word), 

they  will  sound  Uie  eight  notes  of  the  diatonic  scale,  if  all  their 

dimensions  are  in  these  proportions — 60,  53^,  48, 45,  40, 36,  32,  30 ; 

which  are  merely  convenient  figures  for  representing,  with  only  one 

fraction,  the  inverse  proportions  of  the  times  of  vibration  belonging 

to  the  eight  notes  of  the  scale.     And  so,  if  you  want  to  midke  a 

bell,  a  fifth  above  a  given  one — for  instance,  the  B  bell  to  our  £^  it 

must  be  |rd  of  the  size  in  every  dimension,  unless  you  mean  to  vary 

the  proportion  of  thickness  to  diameter ;  for  tlie  same  rule  then  no 

longer  holds,  as  a  thinner  bell  will  give  the  same  note  with  a  less 

diameter.     The  reason  is,  that,  according  to  the  general  law  of 

vibrating  plates  or  springs,  the  time  of  vibration  of  similar  bells 

thickness 
varies  as  y« t^v     ^hen  the  bells  are  also  completely  similar 
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by  Rinmann,  in  1784),  that  it  did  not  answer  to  make  bella  of  it 
with  the  sound-bow  thicker  than  the  waist,  as  usual ;  and  if  sudi 
bells  are  worse  than  the  thin  ones  of  tliat  composition,  1  can  only 
say  they  must  be  very  bad  indeed.  I  have  seen  also  acme  che^i 
bells,  evidently  composed  chiefly  of  iron,  but  I  do  not  know  what 
else,  and  they  are  much  worse  than  the  union  m^tal  bells.  It  ii 
hardly  necessary  to  say  much  of  glass,  because  its  brittleness  is 
enough  to  disqualify  it  for  use  in  bells ;  but  besides  that,  the  sound 
is  very  weak,  compared  with  a  bell-metal  bell  of  the  same  size,  or 
even  tlie  same  weight,  and  of  course  much  smaller. 

There  is  another  metal,  which  you  will  probably  expect  me  to 
notice  as  a  desirable  ingredient  in  bells,  that  is  silver.  All  that  I 
have  to  say  of  it  is,  that  it  is  a  purely  poetical  and  not  a  chemical 
ingredient  of  any  known  bell-metal ;  and  that  there  is  no  founda- 
tion whatever  for  the  vulgar  notion  that  it  was  used  in  old  bdb, 
nor  the  least  reason  to  believe  that  it  would  do  any  good.  I  hap- 
pened to  hear  of  an  instance  where  it  had  been  tried  W  a  gentleman 
who  had  put  his  own  silver  into  the  pot  at  the  bellfonndry,  some 
years  ago.  I  wrote  to  him  to  inquire  about  it,  and  he  ooold  not 
say  that  he  remembered  any  particular  effect.  This  seemed  to  me 
quite  enough  to  settle  that  question.  You  may  easily  see  for  youi^ 
selves  that  a  silver  cup  makes  a  rather  worse  bell  than  a  cast-iron 
saucepan. 

Dr.  Percy,  who  has  taken  great  interest  in  this  subject,  has  east 
several  other  small  bells,  by  way  of  trying  the  effect  of  difierent 
alloys,  besides  the  iron  and  tin  just  now  mentioned.  Here  is  one  of 
iron  95,  and  antimony  6.  The  effect  is  not  very  different  from 
that  of  iron  and  tin  of  the  same  proportions,  and  clearly  not  so 
good  as  copper  and  tin ;  and  I  should  mention  that  antimony  is 
generally  considered  to  produce  an  analogous  effect  to  tin  in  allojs, 
but  always  to  the  detriment  of  the  metal  in  point  of  tenacity  aind 
strength.  Again,  here  is  a  bell  of  a  very  singular  composition, 
copper  88*65,  and  phosphorus  11*35.  It  makes  a  very  hard 
compound,  and  capable  of  a  line  polish,  but  more  brittle  than  bell- 
metal,  and  inferior  in  sound  even  to  the  iron  alloys.  Copper 
90*14,  and  aluminium  9*86,  which  makes  the  aluminium  bear 
about  the  same  proportion  in  bulk  as  the  tin  usually  does,  seemed 
much  more  promising.  The  alloy  exceeds  any  bell-metal  in 
strength  and  toughness,  and  polisties  like  gold ;  and  as  was 
mentioned  in  the  lecture  here  on  aluminium  last  year,  it  is 
superior  to  everything  except  gold  and  platinum  in  its  resistance 
to  the  tarnishing  effects  of  the  air.  This  alloy  would  probably 
be  an  excellent  material  for  watch  wheels,  the  reeds  of  oigan 
pipes,  and  a  multitude  of  other  things  for  which  brass  is  now 
used — a  far  weaker  and  more  easily  corroded  metal,  but  as  yet 
much  cheaper.  But  for  all  this,  it  will  not  stand  for  a  moment 
against  the  old  copper  and  tin  alloy  for  bells ;  in  fact,  it  is  clearly 
the  worst  of  all  tliat  we  have  yet  tried.     Here  is  also  a  brass 
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bells  is  22  to  7  twice  melted ;  or,  reducing  it  for  ccniTeniPiice  of 
comparison  to  a  percentage,  the  tin  is  24*1  of  the  alloy  (not  of  the 
copper),  and  the  copper  75*86,  which  you  see  is  very  nearly  the 
same  as  the  result  of  the  analysis  of  tlie  bell  when  cast.  This  may 
seem  extraordinary,  because  it  is  well  known  that  the  tin  wastes 
more  in  melting  than  the  copper  ;  but  no  doubt  the  explanation  of 
it  is,  that  the  antimony  which  comes  out  with  the  tin  in  the  analysis 
goes  in  with  the  copper  in  the  composition,  unless  special  means  are 
taken  to  eliminate  it,  which  is  not  worth  while,  as  antimony  pro- 
duces the  same  kind  of  effect  as  the  tin,  and  a  little  of  it  does  no 
harm  ;  as  we  know  from  intentionally  putting  some  into  a  small  bell, 
though  it  is  an  inferior  metal  to  tin  both  for  bells  and  organ  pipes, 
in  which  I  understand  it  is  frequently  substituted  to  sdflfen  the  lead, 
because  the  English  organ  builders  will  not  use  as  mach  tin  as  the 
old  ones  did,  and  the  German  ones  still  do. 

This  22  to  7  mixture,  or  even  Si  to  1,  which  is  probably  the 
best  proportion  to  use  for  bells  made  at  one  melting,  is  a  much 
'^  higher "  metal,  as  they  call  it,  than  the  modem  l»ellfounden, 
either  English  or  French,  generally  use.  As  there  is  no  g^reat  dif- 
ference in  the  price  of  the  two  metals,  the  reason  why  they  prefer 
the  lower  quantity  of  tin  is,  that  it  makes  the  bells  softer,  and 
therefore  easier  to  cut  for  tuning,  which  is  obviously  a  very  insuffi- 
cient reason.  I  advise  everybody  who  makes  a  contract  for  bells, 
to  stipulate  that  they  shall  be  rejected  if  they  are  found  on  analysis 
to  contain  less  than  22,  or  at  any  rate  21  per  cent  of  tin,  or  more 
than  2  per  cent,  of  anything  but  copper  and  tin. 


Analysis  of  several  Bell-metals. 


Boacn.  ^  Gisors. 

York. 

Lincoln. 

Wettmbuter. 

71- 

26- 
1*2 
1*8 

•  • 

72  4 
24' 2 

•  • 

•4 

OldPBaL 

1610. 

Top. 

Bottom. 

Copper       .     •     . 
Tin(wiULA.DtiinoDy) 
Itoo      •     •     •     • 
Zioc     •     •     •     • 
I^ead    .     •     .     • 
Nickel       .     .     - 

72«76 

25-39 

•33 

1-V7 
•85 

74-7 
23' 11 

.09 

traces. 

1-16 

•58 

75-31 
24-37 

•u 

•  • 
traces 

•  • 

75-07 
24-7 
•12 

■  • 
traces 

•  • 

Specific  gravity    .  | 

8-76 

*  • 

8^78 

•  • 

8-847 

•  • 

8-869 
8-94 

The  founders  were  afraid  that  by  insisting  on  so  much  tin  I 
should  make  tlie  bell  too  brittle.  I  was  satisfied  that  if  they  cast  it 
properly  it  would  not  be  so ;  and  I  shall  now  give  some  proofs  of 
that.  The  first  is,  that  the  bell  has  now  been  rung  frequently  with 
a  clapper  from  two  to  three  times  as  heavy  in  proportion  to  the  bell 
as  all  the  other  large  bells  in  England,  and  pulled  sometimes  by  as 
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wdght  of  the  tenor  by  2^  cwt;,  no  doubt  judging  of  its  weight 
according  to  what  a  bell  of  the  same  size  and  thicknese  would  be 
when  made  of  such  metal  as  their  new  peal  was. 

This  bell  is  also  so  elastic,  that  I  can  make  the  dapper  of 
13  cwt  strike  both  ways,  pulling  it  alone,  and  therefore  of  course 
to  one  side  ooly ;  which  I  never  found  the  case  with  any  other  bdl. 

Tou  will  probably  wish  to  hear  something  of  the  actual  casting 
of  the  bell,  which  is  by  no  means  an  easy  operation,  if  we  may 
judge  from  the  much  greater  rarity  of  good  large  bells  than  df 
small  ones.  There  was  no  bell  in  England  above  3  tons  weight, 
except  perhaps  the  tenor  of  the  peal  at  Exeter,  equal  to  many  that 
exist  of  half  that  weight  Sir  Christopher  Wr^i  condemnea  and 
rejected  the  great  bell  of  St.  Paul's,  for  which  the  present  waa  sub- 
stituted in  1716 ;  and  that  rejected  bell  was  made  by  a  founder 
whose  bells,  cast  the  same  year  as  his  St  Paul's  bell,  are  still  at 
St  Alban's,  and  are  very  good  ones.  The  present  St  Paul's  bell 
is  itsdf  inferior  to  that  of  Bow  and  the  old  York  Minster  bells ;  and 
both  the  Lincoln  and  York  Minster  bells  are  feeble  and  unsatis- 
factoiy,  though  the  same  foundry,  until  the  last  30  or  40  years, 
turned  out  many  veiy  good  bells  of  smaller  but  yet  considerable 
weight  The  metal  was  twice  melted,  as  it  is  for  making  qiecu- 
lums.  It  was  first  run  into  ingots  of  bell-metal  in  a  common 
furnace,  and  then  those  ingots  were  melted  and  run  into  the  mould 
from  a  reverberatory  furnace,  in  which  the  fuel  does  not  touch  the 
metal,  but  the  flame  is  carried  over  and  reflected  down  upon  it 
from  the  top,  or  dome  over  the  melting  hearth.  The  ingots  were 
only  in  this  furnace  2^  hours  before  the  metal  was  ready  for  run- 
ning, as  the  alloy  of  copper  and  tin  melts,  as  usual  with  alloys,  at  a 
much  lower  heat  than  the  most  obstinate  of  the  two  metals  requires 
alone ;  and  the  whole  16  tons  were  run  into  the  mould  in  five 
minutes.  I  understand  that  quick  casting  is  essential  to  the  secur- 
ing of  sound  casting. 

Messrs.  Warner  make  their  moulds  in  a  diflerent  way  from 
usual.  First  of  all  a  hollow  care  is  built  up  of  bricks,  and  straw, 
and  clay,  and  made  to  fit  the  inside  of  the  bell  by  being  swept  over 
with  a  wooden  pattern  or  sweep,  turning  on  a  vertical  axis  through 
the  middle  of  the  co^e.  For  bells  of  moderate  size,  they  keep  a 
number  of  diflerent  sized  cores  of  cast  iron,  instead  of  building 
them  up  of  bricks  ;  and  the  iron  cores  are  covered  with  the  loam 
as  before.  They  are  easily  lifted  into  a  furnace  to  be  dried  and 
heated,  whereas  the  brick  ones  must  have  the  fire  lighted  within 
them.  But  the  great  diflerence  is  in  the  outside  mould,  or  cope. 
generally  a  clay  bell  is  made  on  the  top  of  the  core,  the  outside 
being  turned  by  another  sweep  turning  on  the  same  vertical  axis ; 
and  when  this  is  dry,  a  third  fabric  of  clay  and  straw  is  laid  on  the 
outside  of  the  clay  bell,  and  this  is  called  the  cope.  Wlien  it  is 
dry  it  is  lifred  off",  and  the  clay  bell  broken  away  ;  the  cope  is  then 
put  on  again,  and  the  metal  poured  in  where  the  clay  bell  was. 
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method  of  hanging  makes  it  troublesome  and  expensive  to  turn 
the  bell  in  the  stock,  to  present  a  new  sur&ce  to  the  clapper  when 
it  is  worn  thin  in  one  place,  and  many  bells  have  been  cracked  in 
consequence.  A  Mr.  Baker  took  out  a  patent  a  few  years  ago  for 
several  new  modes  of  hanging,  for  the  purpose  of  enabling  beUs 
to  be  turned  in  the  stock.  The  first  b  simply  making  a  hole  in 
the  crown  and  hanging  the  bell  by  a  single  large  bolt,  which  also 
spreads  out  into  the  staple  to  carry  the  clapper.  The  objection  to 
this  is,  that  nobody  would  like  to  trust  the  weight  of  a  large  swing- 
ing bell  to  a  single  bolt  if  he  could  use  several  instead ;  because, 
although  a  single  bolt  can  of  course  be  made  large  enough  to  carry 
anything,  yet  if  there  is  any  flaw  or  bad  workmanship  in  it,  the  result 
would  be  something  frightful  with  a  large  bell ;  at  any  rate,  nobody 
who  expressed  an  opinion  about  it  on  either  of  the  two  occasions 
when  it  was  exhibited  at  the  Institute  of  Architects,  nor  any  one 
whom  I  have  consulted  about  the  making  or  hanging  of  the  West- 
minster bells,  nor  indeed  anybody  anywhere  whose  opinion  is  worth 
mentioning,  so  far  as  I  can  learn,  approves  of  such  a  mode  of 
hanging  a  large  bell  like  this,  even  though  it  does  not  swing,  and 
therefore  I  declined  Mr.  Baker's  invitation  to  adopt  it  His  other 
method,  as  described  in  a  recent  pamphlet  and  in  his  specification, 
is  to  cast  a  thickish  pipe  on  the  top  of  the  bell,  which  is  to  go 
through  the  stock  and  be  fastened  with  a  large  i^ut,  just  as  his  iron 
bolt  was  in  the  other  plan :  only  the  clapper  bolt  is  now  inde- 
pendent and  goes  through  this  pipe,  and  is  held  by  another  smaller 
nut  on  the  top  of  it.  This  seems  to  me  to  combine  the  two  vices 
of  the  weakness  of  canons  and  the  risk  of  a  single  bolt  in  the  most 
complete  manner,  with  the  addition  of  a  thread  cut  on  this  bell- 
metal  pipe,  which  is  about  as  weak  a  construction  as  possible.  I 
should  think  no  person  in  his  senses  would  use  such  a  plan  :  in  fact, 
Mr.  Baker  himself  did  not  seem  to  contemplate  using  it,  but  only 
put  it  into  his  patent,  as  patentees  do,  with  the  object  of  securing 
possession  of  every  possible  new  method  of  doing  the  thing  in  ques- 
tion they  can  think  of :  but  as  patentees  also  do  sometimes,  he  left 
out  at  least  one  method  which  is  better  than  those  which  he  put  in, 
and  that  is  the  following. 

On  the  top  of  the  bell  is  cast  what  has  been  called  a  button 
and  a  mushroom ;  and  either  name  will  do  well  enough,  except  that 
a  mushroom  has  not  a  hole  through  it,  and  buttons  have  more  than 
one.  It  is  in  fact  a  very  thick  short  neck,  with  a  strong  flanch 
round  the  top,  which  is  fastened  to  the  stock,  in  moderate  sized 
bells,  merely  by  bolts  with  hooked  ends ;  and  in  very  large  ones,  by 
bolts  passed  through  a  collar,  bolted  together  in  two  pieces.  The 
clapper  (if  there  is  one)  is  hung  by  a  separate  bolt,  which  goes 
through  the  hole  in  the  neck  and  through  the  stock  ;  and  it  has 
nothing  to  do  with  carrying  the  weight  of  the  bell,  unless  you  like 
to  make  it  with  a  shoulder,  so  as  to  help  the  outside  bolts.  By  this 
method  you  hang  the  bell  by  a  lump  of  its  own  metal  as  large  as 
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■appose  is  much  the  largest  casting  in  the  world.  And  th^  other 
Rossimn  bell,  being  18  feet  wide,  must  be  110  tons,  according  to 
the  Westminster  scale,  instead  of  64,  which  is  the  recorded  weight 
I  might  have  added  several  other  Russian  bells  to  the  list,  from 
Lyall's  book,  all  of  great  weights,  but  it  seemed  hardly  worth  idiile, 
as  everybody  knows  already  that  the  Russians  have  surpassed  all 
the  world  in  the  magnitude  of  their  scale  of  bellfounding,  and  two 
or  three  instances  prove  as  much  as  twenty.  I  have  stopped  the 
list  at  four  tons.  After  these  would  come  the  single  bells  of  Can- 
terbury, Gloucester,  and  Beverley  Minster,  and  the  tenor  bells  of 
the  peals  of  Exeter  and  York,  St.  Mary-le-Bow,  St.  Saviour's,  and 
Sherboume,  which  run  £rom  3^  to  2i  tons. 

List  of  Bells. 


BFLL3. 


M06OOW,  1736 

broken,  1737 
Another,  1817   . 
Three  others     . 
Novogorod    .    . 
Olmuts    .    .    . 
Vienna,  1711     . 
Westminster,  1856 
Erftirt,  1497      . 
Paris,  1680  .    . 
Sens     .... 
Montreal,  1847  . 
Cologne,  1448  . 
Breslaw,  1507  . 
Gorlitz     .    .    • 
York,  1845    .     . 
Bruges,  1680     . 
St.  Peter's,  Rome 
Oxford,  1680     . 
Lucerne,  1636  . 
Halsbeistadt,  1457 
Antwerp  .    .    . 
Brussels  .    •    • 
Dantzic,  1453   . 
Lincoln,  1834    . 
St.  Paul's,  1716 
Ghent  .... 
Boulogne,  new  . 
Exeter,  1675     . 
Old  Lincohi,  1610 
Fourth  <^uarter-bell, 

Westmmster,  1857 


} 


} 


Wdc^ 
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250  r 

110  ? 
16  to  31 

81  0 

17  18 

17  14 
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13  15 
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The  following  Gentlemen  were  unanioioiialy  elected  as  Offieen 
ibr  the  ensaing  year  : — 

Prebideut — The  Duke  of  Northumberland,  K.6.  F JELS. 
Treasurer— WOliam  Pole,  Esq.  ILA.  F.R.S. 
Sbcretart — Rev.  John  Barlow,  M.A.  F.R.S. 


Managers. 


John  George  Apoold,  Eaq.  F.R& 
Sir  BeDJamin  Collinf  ^X)die,  BarL 

D.CX.  F.R.S. 
Benjamin  Bond  Gabbell,  Esq.  F.R.S. 

F.S.A. 
ThomEB  DayidsoD,  Esq. 
Warren  De  la  Rne,  Esq.  Ph.D.  F.RJS. 
George  Dodd,  Esq.  F.S.A. 
^Charles  Fellows. 


Sir  H.  Holland,  Bt}  M.D.  F.R.S.  F.GJ8. 
John  Carrick  Moore,  Esq.  BLA.  F.SJS. 

F.GJ3w 
Frederick  Pollock,  Esq.  M  JL 
James  Bennie,  Esq.  F.&S. 
Joseph  William  Thnmp,  Esq. 
John  Webster,  M  J>.  F.RJS. 
The  Lord  Wensleydale. 
Charles  Wheatstone,  Esq.  F.R.SL 


Visitors. 


BeriahBotfield4i:sq.M.P.  F.R.S.F.SJ1. 
John  Charles  Burgoyne,  Esq. 
John  Robert  F.  Bnmett,  Esq. 
Edmnnd  Beckett  Denisoo,  Esq.  M.A. 

Q.C. 
Hogh  W.  Diamond,  M.D.  F.S.A. 
C.  Wentworth  Dilke,  jnn.  Esq. 
Edward  M.  Foxhall,  Esq. 


John  Hall  Gladstone,  Esq.  PhJ>.  F.R.SI 

John  Hicks,  Esq. 

Capt.  Robert  M.  Laffim,  R.E. 

Thomas  Lee,  Esq. 

Rer.  Frederic  D.  Manrioe,  M  JL 

Thomas  N.  R.  Morson,  Esq. 

Joseph  Skey,  M.D. 

Thomas  Yoong,  Esq. 


WEEKLY   EVENING   MEETING, 

Friday,  May  1. 

Rev.  J.  Barlow,  M.A.  F.R.S.  Vice-President  and  Secretary, 

in  the  Chair. 

Captain  John  Grant,  late  R.A. 

On  the  AppliccUum  of  Heat  to  Domestic  Purposes  and  to 

military  Cookery •* 

The  science  of  heat  is  more  studied,  and  probably  better  under- 
stood in  England  than  in    any   other  country ;    but  there  is  a 


*  The  discoarse  was  illustrated  by  models  and  diagrams  of  the  cooking 
apparatus  invented  and  described  by  Capt.  Grant. 
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GENERAL   MONTHLY    MEETING, 
Monday,  May  4. 

WiLUAM  FoLE,  Esq.  M.A.  F.R.S.  Treasurer  and  Vioe-Preiidcnt| 

in  the  Chair. 

George  Edward  Dorington,  £^.  and 
Arthur  Le  Noe  Walker,  Esq. 

were  duly  elected  Members  of  the  Royal  Institution. 

William  Bowman,  Esq.  and 
Major  Lewis  Burroughs 

were  admitted  Members  of  the  Royal  Institution. 

The  following  Professors  were  unanimously  re-elected  :— 

William  Thomas  Brands,  Esq.  D.C.L.  F.R.S.  L.  &  E.,  u 
Honorary  Professor  of  Chemistry  in  the  Royal  Institution. 

John  Ttndall,  Esq.  Ph.D.  F.R.S.  as  Professor  of  Natural 
Philosophy  in  the  Royal  Institution. 

The  special  thanks  of  the  Members  were  voted  to  Col.  Sir 
Charles  Hamilton,  Bart.  M.R.I,  for  his  present  of  Bouchette*8 
Map  of  Lower  Canada,  in  ten  sheets. 

The  following  Presknts  were  announced,  and  the  thanks  of  the 
Members  returned  for  the  same : — 

Fbom — 
Hon.  East  India  Company — Report  of  Public  Instniction  in  Lower  Bengal,  for 

1855-6.     2  vols.     8vo.     1856. 
Asiatic  Sodetyof^  Bengal — Joamal,  No.  258.    8vo.     1858. 
Astronomical  Societyj  Royal — Monthly  Notices,  Vol.  XVII.   No.  5.  8vo.  18S7. 
Belly  Jacob,  Esq,  M,Ii,l. — Pharmaceutical  Journal  for  April  1857.    8yo. 
Boosey,  Messrs.  (the  Publishers)— The  Musical  World  for  April  1857.     4to. 
British  Architects,  Royal  Institute  rf—Vroceedrngs  in  April  1857.     4to, 
Cambridae  Philosophical  Society — Transactions,  Vol.  IX.     Part  4.    4to.    1857. 
Chemical  Society — Jonmal,  No.  37.    8vo.     1857. 
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EdUon—ThA  Medical  Grenlar  for  April  1857.    8to. 
Tlie  Practical  Mechanic's  Joomal  for  April  1857.    4to. 
The  Jooraal  of  Oaa-Li^hting  for  April  1857.    4to. 
The  Meehame'f  Biagasine  for  April  1 857.    8to. 
The  AtheoBom  for  April  1857.    4ta 
The  Engineer  for  Apnl  1857.    fol. 
The  Artiaan  for  April  1857. 
Faraday f  Pnfettor,  V.CL.  F.S.S>  jr. — K<taigUche  Prenneehen  Akademie. 

Berichte,  1856»  Jan.  1857. 
FmMiu  In$tUMU^ Ptmu3fhama-^J(mnuA,y oh  XSaill.    No. 3.    8td.  1856. 
Geoatapkical  Soeiety,  JESoM^JoninaL    Vol.  XXVI.    8to.    1857. 
OtUogtcal  Survey  if  India — Memoirs.    Vol.  I.    Part  1.   8to.    Calcntta,  1856. 
€^aham^  George^  Eaq.  {JUgiiirar- General) — Heport  of  the  Registrar-General 

for  April  1857.    8to. 
JSamikom,  Sir  Charlee.  Bart.  C.B.  M.S.L—Mxp  of  Lower  Canada,  in  10 
sheets,  bj  Joseph  Boochette. 
Map  of  the  Polar  Regions,  1825  ;  Chart  of  Greenland,  with  the  N.W.  Voy- 
ages of  Hodson,  Frobisher,  and  Daris.    By  A.  Arrowsmith,  1825. 
Charts  of  Islands  on  the  Coast  of  Afiica.    1829. 
Xtmenii  &cie(y— Joomal  of  Proceedings.    No.  4.    gra     1857. 
iMdetbonmght  T%e  Lord,  KM.  F.R.S.  If  J?./.— Miscellanea  Gmphica,  Part 

12.    4to.     1857. 
Acwtoi,  Jfcssrs.— London  Jonraal  (New  Series),  April  1857.    8yo. 
JVaneUo,  Mr.  (the  PwUtMfr)— The  Mosical  limes,  for  April  1857.    4ta 
Aatf,  Mr.  l>.-~Catalogae  of  Foreign  Theological  Books.    8to.    1^57. 
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WEEKLY   EVENING   MEETING, 
Friday,  May  8. 

The  Lord  Wensletdalb,  Vice-President,  in  the  Chair. 

F.  Grace  Calvert,  Esq.  F.C.S.  M.R.A.  Tunn, 

■OXOBAST    PBOnnOB    or    CHEMISTBT,    aOTAL    niflTITUTlOir,    HAVCHBRBS. 

On  M,  ChtvreuVs  Laws  of  Colour. 

Mr.  Grace  Galvest  stated  that  he  had  three  objects  in  view 
this  discourse.  The  first  was  to  make  known  the  laws  of  coloors, 
discovered  by  his  learned  master,  M.  Ghevreul ;  secondly,  to'expL 
their  im}K)rtance  in  a  scientific  point  of  view  ;  and,  thirdly,  th 
value  to  arts  and  manufactures. 

To  understand  the  laws  of  colours,  it  is  necessary  to  know  i 
composition  of  light ;  Newton  was  the  first  person  who  gave  to  1 
world  any  statement  relative  to  the  components  of  light,  which 
said  consisted  of  seven  colours— red,  orange,  yellow,  green,  bli 
indigo,  and  violet.  It  is  now  distinctly  proved  that  four  of  th< 
seven  colours  of  the  spectrum  are  the  result  of  the  oombinatic 
of  the  three  colours  now  known  as  the  primitive  colours,  viz.,  r( 
blue,  and  yellow.  Thus  blue  and  red  combined  produce  purple 
indigo ;  blue  and  yellow,  green ;  while  red  and  yellow,  prodi 
orange  :  these  facts  being  known,  it  is  easy  to  prove  that  there  i 
not  seven,  but  three  primitive,  and  four  secondary,  called  oo 
plementary  colours. 

Several  proofs  can  be  given  that  light  is  composed  of  thi 
colours  only.  Gne  of  the  most  simple  consists  in  placing  pieces 
blue,  red,  and  yellow  papers  on  a  circular  disc,  and  rotating 
rapidly ;  the  effect  to  the  eye  being  to  produce  a  disc  of  wh 
light.  If,  therefore,  the  eye  can  be  deceived  so  readily  while  t 
disc  travels  at  so  slow  a  rate,  what  must  necessarily  be  the  ci 
when  it  is  remembered  that  light  proceeds  at  the  rate  of  190,0 
miles  per  second  ? 

The  rapidity  with  which  light  travels  is  such  that  the  eye  is  r 
able  to  perceive  either  the  blue,  red,  or  yellow,  the  nerves  of  t 
retina  not  being  sensitive  enough  to  receive  and  convey  successive 
io'Jhe  mind  the  three  or  seven  colours  of  which  the  light  is  coi 
posed. 

Before  entering  into  the  laws  of  colour,  Mr.  Grace  Galvc 
stated  that  it  might  be  interesting  to  know  what  scientific  min 
had  devoted  attention  to  the  laws  of  colours. 
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The  '^  successive  "  contrast  has  long  been  known ;  and  it  consisli 
in  the  fact  that  on  looking  stedfastly  for  a  few  minutea  on  a  nl 
surface  fixed  on  a  white  sheet  of  paper,  and  then  canning  the  eje  to 
another  white  sheet,  there  will  be  perceived  on  it  not  a  red,  bat  t 
ffreen  one ;  if  green,  red;  if  purple, yellow;  if  blae,  orange. 

The  "  simultaneous  "  contrast  is  the  most  interesting  and  nsefol 
to  be  acquainted  with.  When  two  coloured  surfaces  are  in  juxta- 
position, they  mutually  influence  each  other, — ^favoarably,  if  hsi*- 
monising  colours,  or  in  a  contraiy  manner  if  discordant ;  and  in 
such  proportion  in  either  case  as  to  be  in  exact  ratio  with  the 
quantity  of  complementary  colour  which  is  generated  in  the  eye: 
for  example,  if  two  half-sheets  of  plain  tinted  paper,  one  diik 
green,  the  other  of  a  brilliant  red,  are  placed  side  by  side  on  a  gray 
piece  of  cloth,  the  colours  will  be  mutually  improved  in  consequeooe 
of  the  green  generated  by  the  red  surface  adding  itself  to  the  green 
of  the  juxtaposed  surface,  thus  increasing  its  intensity,  the  green  in 
its  turn  augmenting  the  beauty  of  the  red.  This  effect  can  easily 
be  appreciated  if  two  other  pieces  of  paper  of  the  same  coloun 
are  placed  at  a  short  distance  from  the  corresponding  influenced 
ones,  as  below  : — 

Bed.  Red  Green.  Green. 

It  is  not  sufRcient  merely  to  place  complementary  colours  nde 
by  side  to  produce  harmony  of  colour,  since  the  respective  inten- 
sities have  a  most  decided  influence :  thus  pink  and  light  green 
agree,  red  and  dark  green  also  ;  but  light  green  and  dark  red,  pink 
and  dark  green,  do  not ;  and  thus  to  obtain  the  maximum  of  effect 
and  perfect  harmony  the  following  colours  must  be  placed  side  by 
side,  taking  into  account  their  exact  intensity  of  shade  and  tint» 

Harmonising  Colours. 

Primitive  Coloun.         Complementary  Colours. 

(  Light  blue  1 

Red Green    .     .     .     .  <   Yellow  >  White  light 

I  Red  j 

Blue Orange  .     .     . 


Yellow-orange    .     •     Indigo 


f  Red  1 

.     .     .  <  Yellow  }  White  light. 

I  Blue  I 

{Blue  ) 

Red  }  White  light. 

Yellow  I 

I  Red  ) 

Greenish  Yellow      .     Violet   .     .     .     .  {  Blue  >  White  light, 

I  Yellow  J 

{Yellow  ] 

Blue  } 

Red  / 


White  light. 
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to  prevent  a  grey  design  acquiring  a  pinkish  shade  throng  working 
it  with  green,  give  the  grey  a  greenish  hue,  which,  by  neutralising 
the  pink,  will  generate  white  light,  and  thus  preserve  the  grey. 

Mr.  Grace  Calvert,  after  explaining  the  chromatic  table  of  M. 
Chevreul,  which  enabled  any  person  at  a  glance  to  ascertain  what 
was  the  complementary  colour  of  any  of  the  13,480  coloon  whidb 
M.  Chevreul  had  distinctly  classed  in  his  table,  stated  that  it  wu 
of  the  highest  importance  to  artists  to  be  acquainted  with  these 
laws,  in  order  to  know  at  once  the  exact  colour,  shade,  and  tint, 
which  would  produce  the  greatest  effect  when  placed  beside  another 
colour,  and  that  they  could  save  the  great  length  of  time  which  do 
doubt  the  great  masters  lost  in  ascertaining  by  experiment  those 
laws,  which  they  could  now  learn  in  a  few  hours  by  consoltiDg 
M.  Chevreul's  work. 

[F.  C.  C] 


WEEKLY  EVENING  MEETING, 

Friday,  May  15. 

The  Lord  Wensleydaub,  Vice-President,  in  the  Chair. 
Thomas  H.  Huxley,  F.R.S. 

rULLRBIAN  PBOrsaaOB  OF  FHTBIOLOQT  BOTAL  DrniTUTXOV. 

On  the  present  state  of  Knowledge  as  to  the  Structure  and 

Functions  of  Nerve. 

The  speaker  commenced  by  directing  the  attention  of  the  audience 
to  an  index,  connected  with  a  little  apparatus  upon  the  table,  and 
vibrating  backwards  and  forwards  with  great  regularity'.  The 
cause  of  tliis  motion  was  the  heart  of  a  frog  (deprived  of  sensa- 
tion tlioiigh  not  of  life)  which  liad  been  carefully  exjjosed  by  open- 
ing the  pericardium,  and  into  whose  apex  the  point  of  a  needle 
connected  with  the  index  had  been  thrust.  Under  these  circum- 
stances the  heart  would  go  on  beating,  with  perfect  regularity  and 
full  force,  for  hours ;  and  as  every  pulsation  caused  the  index  to 
travel  through  a  certain  arc,  the  effect  of  any  influences  brought  to 
bear  upon  the  heart  could  be  made  perfectly  obvious  to  every  one 
present. 

The  frog's  heart  is  a  great  hollow  mass  of  muscle,  consisting  of 
three  chambers,  a  ventricle  and  two  auricles,the  latter  being  separated 
from  one  another  by  a  partition  or  septum.     By  the  successive  con- 
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septum,  and  entering  two  other  ganglia  placed  close  to  the  jooctiOD 
of  the  auricles  with  the  ventricles.  From  these  ganglia  nenres  are 
distributed  to  the  muscular  substance.  Now  we  know,  firam 
evidence  afforded  by  other  striped  muscles  and  nervea,  that  the 
contraction  of  the  former  is  the  result  of  the  excitemeQt  of  the 
latter  ;  in  like  manner,  we  know  that  the  ganglia  are  centres  whence 
that  excitement  originates.  We  are  therefore  justified,  analo^cally, 
in  seeking  for  the  sources  of  the  contractions  of  the  cardiac  musdes, 
in  the  cardiac  ganglia  ;  and  the  experiments  which  have  been  de- 
tailed— by  showing  that  the  rhythmical  contractions  continue  in 
any  part  of  the  heart  which  remains  connected  with  these  ganglia, 
while  it  ceases  in  any  part  cut  off  from  them — ^prove  that  th^ 
really  are  the  seats  of  the  regulative  power. 

The  speaker  then  exhibited  another  very  remarkable  experiment 
(first  devised  by  Weber)  which  leads  indirectly  to  the  same  ooncla« 
sion.  An  electro-magnetic  apparatus  was  so  connected  with  the 
frog  upon  the  table,  that  a  series  of  shocks  could  be  transmitted 
through  the  pneumogastric  nerves.  When  this  was  done,  it  was 
seen  that  the  index  almost  instantly  stopped,  and  remained  still,  so 
long  as  the  shocks  were  continued  ;  on  breaking  contact,  the  heart 
remained  at  rest  for  a  little  time,  then  gave  a  feeble  pulsation  or 
two,  and  then  resumed  its  full  action.  This  experiment  could  be 
repeated  at  will,  with  invariably  the  same  results ;  and  it  was  most 
important  to  observe,  that  during  the  stoppage  of  the  heart  the 
index  remained  at  the  lowest  point  of  its  arc,  a  circumstance  which, 
taken  together  with  the  distended  state  of  the  organ,  showed  that  its 
stoppage  was  the  result,  not  of  tetanic  contraction  but  of  complete 
relaxation. 

Filaments  of  the  pneumogastric  nerve  can  be  traced  down  to  the 
heart,  and  whenever  these  fibres  are  irritated  the  rhythmical  action 
ceases.  The  pneumogastric  nerves  must  act  either  directly  upon 
the  muscles  of  the  heart,  or  indirectly  through  the  ganglia,  into 
which  they  can  be  traced.  If  the  former  alternative  be  adopted, 
then  we  must  conceive  the  action  of  the  pneumogastric  nerve  upon 
muscle  to  be  the  reverse  of  that  of  all  other  nerves — for  irritation 
of  every  other  muscular  nerve  causes  activity  and  not  paralysis  of 
the  muscle.  Not  only  is  this  in  the  highest  degree  improbable,  but 
it  can  be  demonstrated  to  be  untrue ;  for  on  irritating,  mechanically, 
the  surface  of  the  heart  brought  to  a  standstill  by  irritation  of  the 
pneumogastrics,  it  at  once  contracts.  The  paralysing  influence 
therefore  is  not  exerted  on  the  muscles,  and  as  a  consequence,  we 
can  only  suppose  that  this  '^  negative  innervation,"  as  it  might  be 
conveniently  termed,  is  the  result  of  the  action  of  the  pneumogastric 
on  the  ganglia. 

It  results  from  all  these  experiments,  firstly,  that  nerve  substance 
possesses  the  power  of  exciting  and  co-ordinating  muscular  actions ; 
and  secondly,  that  one  portion  of  nervous  matter  is  capable  of  con- 
trolling the  action  of  another  portion.     In  the  case  of  the  heart  it 
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corpuscles ;  that,  in  the  spinal  cord,  the  great  nuus  of  the  gnj 
matter  is  nothing  but  connective  tissue,  the  true  ganglionic  eorpu- 
cles  being  cunn]>aratively  few,  and  situated  in  the  anterior  horn  of 
the  grey  substance  ;  finallv,  it  would  seem  that  no  ganglionic  cat- 
pu8cle  has  more  than  five  processes  ;  one,  which  beoomea  a  senfoiy 
tibre  and  enters  the  posterior  roots  of  the  nerves  ;  one,  a  molor 
fibre  wliich  enters  the  anterior  roots  ;  one,  which  pniwci  upward  to 
the  brain  :  one,  which  crosses  over  to  a  ganglionic  oorpuade  in  tke 
other  half  of  the  cord  ;  and  jierliaps  one  establishing  a  cooneiiQi 
with  a  ganglionic  corpuscle  on  the  same  side. 

It  is  impossible  to  overrate  the  value  of  these  discoveries ;  for  if 
tliey  are  truths,  the  problem  of  nervous  action  is  limited  to  ihm 
in((uirie8  :  (a)  What  are  the  properties  of  ganglionic  corpusdei? 
{b)  What  are  the  properties  of  their  two,  or  three,  commissoni 
]>rueesse8?  For  we  are  already  pretty  well  acquainted  with  the 
properties  of  the  sensory  and  motor  processes. 

A  sliurt  account  was  next  given  of  the  physical  and  physiologic^ 
phenomena  exhibited  by  active  and  inactive  ner\'e;  and  the  plie- 
nomena  exhibited  by  active  nerve  were  shown  to  be  so  peculiar  ai 
to  justify  the  application  of  the  title  of  ^*  nerve  force"  to  this  fonn 
of  material  energy. 

It  was  next  ]>ointed  out  that  this  force  must  be  regarded  as  of 
the  same  order  with  other  physical  forces.  The  beautiful  methods  by 
wliich  llelinholtz  lias  determined  the  velocity  (not  more  tlian  about 
8<)  feet  in  a  second  in  tlie  frog),  with  which  the  nervous  force  is 
])ropagat(Ml  were  explained.  It  was  shown  that  nerve  force  is  not 
electricity,  but  two  important  facts  were  cited  to  prove  that  the 
nerve  force  is  a  correlate  of  electricity,  in  the  same  sense  as  heat 
and  magnetism  are  said  to  be  correlates  of  that  force.  These  facts 
were,  fir>tly,  the  •*  negative  deflection "  of  Du  Bois  Kaymond, 
whicli  demonstrates  that  the  activity  of  nerve  affects  the  electrical 
relations  of  its  particles ;  and  secondly,  the  remarkable  experiments 
of  Kckhard  (some  of  which  the  speaker  had  exhibited  in  his  Ful- 
lerian  course)  which  prove  that  the  transmission  of  a  constant 
currrent  along  a  {)ortion  of  a  motor  nerve  so  alters  the  molecular 
state  of  that  nerve  as  to  render  it  incapable  of  exciting  contraction 
when  irritated. 

These  facts,  even  without  those  equally  important  though  less 
thoroughly  understood  experiments  of  Ludwig  and  Bernard,  which 
appear  to  indicate  a  direct  relation  between  nerve  force  and 
chemical  change,  seem  suiiicient  to  prove  that  ner\'e  force  must 
henceforward  take  its  place  among  the  other  physical  forces. 

This  then  is  tlie  present  state  of  our  knowledge  of  the  structure 
and  functions  of  nerve.  AVe  have  reason  to  believe  in  the  existence 
of  a  nervous  force,  which  is  as  much  the  pmperty  of  nerve  as  mag- 
netism is  of  certain  ores  of  iron ;  the  velixiitv  of  that  force  is 
measured  ;  its  laws  are,  to  a  certain  extent,  elucidated  ;  the  struc- 
ture of  the  apparatus  through  which  it  works  promises  soon  to  be 
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The  erron  in  medical  and  other  works  were  referred  to,  €»• 
pecially  in  regard  to  the  fall  of  rain,  which  is  nearly  double,  boA 
in  amount  and  duration,  on  Dartmoor  as  compared  with  the  •011&- 
ea^tern  coast,  frt^m  Exmooth  to  the  Start  Point,  where  the  himiidi^ 
of  the  air  is  also  proportionallv  less,  being,  as  stated  above,  de 
fame  in  ahtduie  amount  with  the  average  of  England,  and  jeaii- 
2/y  less  in  the  proportion  of  7  to  9.  The  elimate  of  that  ooost  was 
shown  to  be  cool  and  dry  in  summer,  but  comparatiTelj  humid,  u 
well  as  warm,  in  winter,  owing  to  the  influence  of  the  sea,  which 
retains  a  more  uniform  temperature,  exhaling  moisture  in  dry  cold 
weather,  but  acting  as  a  condenser  whenever  its  temperature  ii 
below  the  dew-point  of  the  air. 

A  set  of  instruments  were  eiEhibited,  which  gave,  appnnd- 
mately,  the  f«:illowing  results  from  one  monthly  observation  : — Tbe 
maximum  and  minimum  temperature ;  the  maximum,  minimvm, 
and  mean  humidity  :  the  greatest  influence,  and  the  duration  of 
sunshine :  t)ie  amount  and  duration  of  rain.  The  principle  of  moit 
of  these  was  founded  upon  tlie  atmometer.  with  a  combination  of 
the  wet  and  dry  bulb  and  ditTerential  thermometers.  By  curvei, 
exhibiting  the  fluctuations  of  the  barometer,  and  the  character  of 
tlie  weather,  was  shown  how  important  it  was  to  ascertain  also  the 
hygrometrical  condition  of  the  atmosphere,  the  barometer  frequently 
rising  before  rains  from  the  east.  This  diagram  also  proved  how 
little  iiiHuence  the  moon  exerts,  and  the  faUacy  of  the  goierally 
received  itpinion  that  its  changes  determine  the  subsequent  character 
of  the  Weill  her. 

In  conclusion,  a  narrative  was  given  of  a  balloon  ascent,  illus- 
tnited  by  drawings  of  aerial  phenomena,  from  sketches  taken  on 
tiie  sjwt.  The  chief  jieculiarities  of  these  were,  the  altitude  of  the 
horizon,  which  remained  practically  on  a  level  with  the  eye  at  an 
elevation  of  two  miles,  causing  the  surface  of  the  earth  to  appear 
concave  instead  of  convex,  and  to  recede  during  the  rapid  ascent, 
whilst  the  horizon  and  the  balloon  seemed  to  be  stationary  :— the 
definite  outlines  and  pure  colouring  of  objects  directly  beneath, 
although  reduced  to  microscopic  proportions,  occasioned  by  the 
absence  of  refraction  and  disjjersion  of  the  coloured  rays  when 
passing  perpendicularly  through  media  of  difiering  densities,  which, 
at  an  angle.  pnKiuc^  aerial  persj>eclive : — the  rich  combination  of 
rays  bursting  through  clouds,  and  having  the  sun's  disc  for  their 
focus,  contrasted  with  shadows  upon  the  earth  which  radiate  from 
a  vanishing  ix)int  on  the  horizon,  the  narrow  shadows  of  clouds  and 
eminences,  such  as  Harrow  and  Richmond,  being  projected  several 
miles,  as  seen  in  the  lunar  mountains :  the  magnificent  Alpine 
scener}'  of  ii-  upper  surfaces  of  cloud,  still  illumined,  at  high  alti- 
tudes, by  the  cold  silver}-  niy,  contrasted  with  the  rich  hues  of 
clouds  at  lower  levels,  and  the  darkness  of  the  earth  after  sunset. 

At  higher  altitudes  than  could  be  attained,  and  above  the  level 
of  i)er[>etual  congelation,  were  the  beautiful  cirrus  clouds,  com- 
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The  following  Pbesents  were  announced,  and  the  thanks  of  the 
Members  returneid  for  the  same  : — 

FaoM— 

Accademia  dei   Georgifilh  Florence —Degli  Stadij  e  delle  Yioende  Soaunario 
Storico.    8to.    Fireoze,  1856. 

Accademia  Paniificia  de'  Nuovi  Lincei,  Boma—AtA,  Anno  VI.    SeflsioDe  1-5. 
4to.     1855-6.  

Astronomical  Society,  i^oyai— Monthly  Notices,  Vol.  XVII.  No.  7.  S^o.   1857. 

BeU,  Jacob,  Esq,  Ju  Ji(./.— Pharmaceatical  Journal  for  May  1857.    Sro. 

Blaihfield,  J.  M,  Esq,  3fi?./.— Selection  of  Vases,  Statues,  &e.  from  Terra- 
cottas.   4to.     1857, 

Boosey,  Messrs.  {the  Publishers)— The  Musical  World  for  May  1857.    4to. 

British  Architects,  Royal  Institute  q^-— Proceedings  in  May  1857.    4to. 

Buskj  Mrs,  Wm.  (the  Author) — Mediseyal  Popes,  Emperors,  Kings,  and  Crusa- 
ders.   4  Yols.     12mo.     1854. 

De  la  Rue,  Warren,  Esq.  Ph.D.  M.R.I.^Satam  as  seen  through  a  Newtooian 
Equatorial,  IS  in.  aperture.  Mar.  27,  1856. 
Jupiter,  as  seen,  Oct.  25,  1856. 

Dilettanti,  Society  ^—Historical  Notices  of  the  Society  of  Dilettanti.    4«& 
1855. 

Editors—The  Medical  Circular  for  Mav  1857.    8vo. 

The  Practical  Mechanic's  Journal  ror  May  1857.    4to. 
The  Journal  of  Gas-Lighting  for  May  1857.     4to. 
The  Mechanic's  Magazine  for  May  1857.    8to. 
The  Athensum  for  May,  1857.    4to. 
The  Ennneer  for  May,  1857.    ibl. 
The  Artisan  for  May  1857. 

Faraday,  Pnifessor,  D.C.L.  FJt.S.  ^.— Konigliche  Prenssischen  Akademie 
— Berichte,  1856,  Feb.  1857. 

Forrester,  the  Baron,  M.R.I,  {the  ^trfAor)— Memoria  sobre  o  Curative  da  Mo- 
lestia  nas  Videiras  [and  other  Papers],    8vo.    Porto,  1857. 

Geoaraphicnl  Society,  Royal — Journal.     Vol.  XXVI.     8vo.     1857. 

Geological  Survey  of  India — Memoirs.    Vol.1.    Parti.   8vo.   Calcutta,  1856. 

Graham,  George,  Esq.  {Registrar-General) — Reports  of  the  Re^strar -General 
for  May  1*857.     8vo. 

Holland,  Sir  Henry,  Bart.  M.D.  F.R.S.  M.R.I.—Army  Meteorological  Re- 
gistry from  1843  to  1854.     4to.     Washington,  U.S.,  1855. 
Annals  of  the  Astronomical  Observatory  of  Harvard  College,  U.S.    Vol.  I. 
Part  I.     4to.     1856. 

Hope,  A.  J.  Beresford,  Esq.  M.P.  {the  Author) — Public  Offices  and  Metropoli- 
tan Improvements.    8vo.    1857. 

Kaiserliche  Gedoqische  Reichsanstalt,  Wien,  Cthrough  M.  W.  Hjddinger)— Ab- 
handlungen,  iBand  1-3.    4to.     1852-6. 
Jahrbuch,  1-7.     8vo.     1852-56. 
Uebersicht  der  Resultate  Mineralogischcr  Forschungen  von  Dr.  G.  A.  Kena- 

gott.    dBandc.     1844-52.     4to.     1852-4. 
Katalog  der  Bibliothek  des  K.  K.  Hof-Mineralien  Cabinets  in  Wien,  von  P. 

Partsch.     4to.     1851. 
Naturwissenschaftliche  Abbandlungen,  gesainmelt  und  herausgegeben  von 

W.  Haidingcr.     Vol.  1-4.     4to.     1847-51. 
Berichte  herausgegeben  von  W.  Haidinger.     Bande  1-7.    8vo.     1847-51. 

Kerr,  Mrs.  Alexander,  M.R.I. — La  Normandie  Souterraine,  per  I'Abbe  Cochet 
8vo.     Paris,  1855. 
Sepultures  Gauloises,  Romaines,  Franques,  et  Normandes,  par  T Abb^  Cochet. 
8vo.     Paris,  1857. 

Newton,  Messrs.— hondon  Journal  (New  Series'),  May  1857.    8vo, 

Nicholson,  Rev.  Dr.  H.  J.  {the  Author)— The  Abbey  of  St  Alban.  8vo.    1857. 
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his  ezperinientfl  before  the  Soci^  d'£nooaragemeni,  and  more 
recently  before  the  Emperor  of  the  French.  When  he  became 
acquainted  with  the  speaker's  intention  to  introduce  these  ex- 
periments at  the  Royal  Institution,  he  in  the  most  obliging  manner 
offered  to  come  to  London  and  make  them  himself.  This  oflfer  was 
accepted,  and  the  speaker  also  congratulated  the  audience  on  the 
presence  of  M.  Duboscq,  who  took  charge  of  his  own  electric 
lamp  ;  this  being  the  source  of  light  made  use  of  on  the  occasion. 
The  experiments  proceeded  in  the  following  order  : — 

1.  A  sheaf  of  light  was  thrown  from  the  lamp  upon  a  mirror 
held  in  the  speaker's  hand  :  on  moving  the  mirror  with  suflicient 
speed  the  bc^tm  described  a  luminous  ring  upon  the  ceiling.  The 
persistance  of  impressions  upon  the  retina  was  thus  illustrated. 

2.  A  tuning  fork  had  a  pointed  bit  of  copper  foil  attached  to 
one  of  its  prongs :  the  fork  being  caused  to  vibrate  by  a  violin  bow 
the  metalUc  point  moved  to  and  fro,  and  being  caused  to  press 
gently  upon  a  surface  of  glass  coated  with  lamp  black,  the  fork 
being  held  still,  a  fine  line  of  a  length  equal  to  the  amplitude  of  the 
vibrations  was  described  upon  tiie  glass ;  but  when  at  the  same 
time  the  whole  fork  was  drawn  backwards  with  sufficient  speed,  a 
sinuous  line  was  described  upon  the  glass.  The  experiment  was 
made  by  placing  the  coated  glass  before  the  lamp  ;  having  a  lens 
in  fVont  of  it,  and  bringing  the  surface  of  the  glass  to  a  focus  on  a 
distant  screen.  On  drawing  the  fork  over  the  surface  in  the  man- 
ner described,  the  figure  started  forth  with  great  beauty  and  pre- 
cision. By  causing  a  number  of  forks  to  pass  at  the  same  time 
over  the  coated  glass,  the  relations  of  their  vibrations  were  deter- 
mined by  merely  counting  the  sinuosities.  The  octave,  for  example, 
had  double  the  number  of  its  fundamental  note. 

3.  This  was  the  first  of  the  series  of  M.  Lissajous'  experiments. 
A  tuning  fork,  with  a  metallic  mirror  attached  to  one  of  its  prongs, 
was  placed  in  front  of  the  lamp ;  an  intense  beam  of  light  was 
thrown  on  the  mirror,  and  reflected  back  by  the  latter.  This 
reflected  beam  was  received  on  a  small  looking-glass,  held  in  the 
hand  of  the  experimenter,  from  which  it  was  reflected  back  upon 
the  screen.  A  lens  being  placed  between  the  lamp  and  tuning  fork, 
a  sharply  defined  image  of  the  orifice  from  which  the  light  issued 
was  obtained.  When  a  violin  bow  was  drawn  across  the  fork, 
this  image  elongated  itself  to  a  line.  By  turning  the  mirror  in  the 
hand,  the  image  upon  the  screen  was  resolved  into  a  bright  sinuous 
track,  many  feet  in  length. 

4.  A  tuning  fork  was  placed  before  the  lamp,  as  in  the  last  ex- 
periment. But  instead  of  receiving  the  beam  reflected  from  the 
mirror  of  the  fork  upon  a  looking-glass,  it  was  received  upon  the 
mirror  of  a  second  fork,  and  reflected  by  the  latter  upon  the  screen. 
When  one  fork  was  excited  by  a  bow,  a  straight  line  described 
itself  upon  the  screen,  when  the  other  fork  was  subsequently  excited, 
the  figure  described  was  that  due  to  the  combination  of  the  vibra- 


444  Professor  Faraday^  on  the  [June  12^ 


WEEKLY  EVENING  MEETING, 

Friday,  June  12. 

Sia  Benjamin  Collins  Brodie,  Bart.  D.C.L.  F.R.S.  Vice- 
President,  in  the  Chair. 

Professor  Faraday,  D.CX.  F.R.S. 
On  the  Relations  of  Gold  to  Light, 

This  subject  was  brought  forwacrd  on  the  13th  of  June  of  last  year^ 
and  in  the  account  of  that  evening,  at  page  310,  vol.  ii.  of  the  Pro- 
ceedings of  the  Royal  Institution,  will  be  found  a  description  of 
some  of  the  proofs  and  effects  then  referred  to  and  illustrated; 
the  following  additional  remarks  will  complete  the  account  up  to 
this  time.  The  general  relations  of  gold  leaf  to  light  were  de- 
scribed in  the  former  report.  Since  tlien,  pure  gold  leaf  has  been 
obtained  through  the  kindness  of  Mr.  Smirke,  and  the  former  ob- 
servations verified.  This  was  the  more  important  in  regard  to  the 
effect  of  heat  in  taking  away  the  green  colour  of  the  transmitted 
light,  and  destroying  to  a  large  extent  the  power  of  reflexion.  The 
temperature  of  boiling  oil,  if  continued  long  enough,  is  sufficient  for 
this  effect;  but  a  higher  temperature  (far  short  of  fusion)  pro- 
duces it  more  rapidly.  Whether  it  is  the  result  of  a  mere  breaking 
up  by  retraction  of  a  corrugated  film,  or  an  allotropic  change,  is 
uncertain.  Pressure  restores  the  green  colour ;  but  it  also  has  the 
like  effect  upon  films  obtained  by  other  processes  than  beating. 
Corresponding  results  are  produced  with  other  metals. 

As  before  stated,  films  of  gold  may  be  obtained  on  a  weak 
solution  of  the  metal,  by  bringing  an  atmosphere  containing  vapours 
of  phosphorus  into  contact  with  it.  They  are  produced  also  when 
small  particles  of  phosphorus  are  placed  floating  on  such  a  solu- 
tion ;  and  then,  as  a  film  differing  in  thickness  is  formed,  the 
concentric  rings  due  to  Newton's  thin  plates  are  produced.  These 
films  transmit  light  of  various  colours.  When  heated  they  become 
amethystine  or  ruby  ;  and  then  when  pressed,  become  green,  just 
as  heated  gold  leaf.  This  effect  of  pressure  is  characteristic  of 
ipetallic  gold,  whether  it  is  in  leaf,  or  film,  or  dust. 

Gold  wire,  separated  into  very  fine  particles  by  the  electric 
deflagration,  produces  a  deposit  on  glass,  which,  being  examined, 
either  chemically  or  physically,  proves  to  be  pure  metallic  gold. 
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Britvih  Architfcti,  Rojfol  Itutititte  </— Proceedinn  in  July  1857.    4to. 
JirilUk  yiMDciotum— Report  of  the  Twenty-uxth  Meeting,  held  mi  Cheltenhufl^ 

185G.     8vo.     1857. 
l/ure/yAf.  £.— Rapportsiirl'Expo»tioDUniTcne11ede1655.   8to.  Boaen«l856. 
Canada,   GovernmeiU  ^— Catalogiie    of  the  Library  of  the  Fftrliament   of 

Canada.     8to.     1857. 
Chemical  Society—Jaana],  No.  39.     8to.     1857. 
Daubenj/^CharUij  M,D.  FB.S.  {the  Author)— IjkXjo^  oo  Boman Hwbandiy. 

8yo.     1857. 
JJtHvwn,  E.  Beckett,  Eaq,  M.A.  Q.C.  3f,R,L  (the  Author.}— CIocIa  and  LoekiL 
16to.     1857. 
Two  Lectures  oo  Gothic  Architectnre.    By  G.  G.  Scott  and  E.  B.  Demion. 
12mo.     1857. 
DepaHment  if  Slate,  ffathington,  £7.5.— Track  Sorrey  of  the  RiTen  Paiaii^ 

Umnay,  &c.     By  Capt  Thos.  Pbge.     1855. 
Dublin  Geuioffical  Society— JourmX,  Vol.  VII.     No.  4.     8vo.     1857. 
Dublin  Society,  Itoml—iojknaX,  No.  6 .    8to.    1 85 7 . 
Editors— The  Medical  Circular  for  Jalv  to  Oct.  1857.    8yo. 

The  Practical  Mechanic's  Journal  lor  July  to  Got.  1857.    4tOw 
The  Journal  of  Ga»-Li(^ting  for  July  to  Oct.  1857.    4to. 
The  Mechanic's  Magazine  for  July  to  Oct.  1867.    8vow 
The  Athensum  for  July  to  Oct.  1857.    4to. 
The  Engineer  for  July  to  Oct.  1857.    fol. 
The  Artisan  for  July  to  Oct.  1857. 
Faraday,  Pro/enor,  D.C.L.  F,I{.S.  ^.  (the  Authory-On  the  Belatjoag  cf 
Gold  to  Lijriit.  (Phil.  Trans.)    4to.     1857. 
Konigliche  rreussischen  Akademle,  Berichte,  Mai — Aug.  1857. 
Orersigt  orer  det  Kongelige  Danske  Videuskabemes  Selskab,  Fordhaad- 

linger,  1856.     8to.     1856. 
Tageblatt  der  32te  Yersammlung  Deutscher  Naturforscher  in  Wien  in  1856. 

4to.     1857. 
Memorie  della  Reale  Accademia  delle  Scienze,  Napoli,  dol  1852.    YoL  I. 

Fasc.  1  &  2.    4ta     1856-7. 
Ilcndiconto  della  Societi^  Keale  Borbonica.     Anno  V.     1856.    Kaicstre 

Gcnnaio  e  Febbraio.    4to. 
Akademie  der  Wissenschaften,  Wien:   Math.  Nat  Classe:  Denkschriften, 
Band  XIL    4to. ;  Sitzungsberichtc.  Band  XX.,  XXI ,  XXII.,  und  XXIII. 
Heft  I.,  und  Register  zu  Band  XI.-XX.    8to.    1856-7. 
Almanach,  1857.     12to. 
Accademia  de  Belgiqae :  Bulletins  de  la  Classe  des  Sciences,  1855-56.    8ya 

Bruxelles,  4to.     1856-57. 
Academic  di  Torino ;  Memorie,  Serie  Seconda.    Tomo  XVI.    4to.     1857. 
SocieUk  Italiana  in  Modena ;  Memorie,  Tomo  XXV.    Parte  2.    4to.     1855. 
M.  Quetelet :  Obsenrations  des  Ph<^nombnes  P^riodiquea.    4to.    1857 :  Snr  le 

Climat  de  la  Belgiqae.    4to.    Bruxelles,  1857. 
Meteorological  Papers,  published  by  Authority  of  the  Board  of  Trade. 
No.  I.    4to.     1857. 
Franklin  Institute  qf  Pennsylvania — Journal,  V<rf.  XXXIII.    No.  6;    Vol. 

XXXIV.    No.  1.    8to.     1857. 
Qdlihrand,  W,  Esq, — Vocabulary  of  the  Alxxigines  of  Tasmania.    By  Joaeph 

Milligan.     fol.     1857. 
Gcograj^hical  Society,  Royal — Procee<lings.    Nos.  9,  10.    8vo.     1857. 
Geological  Society — Journal,  No.  51.     8vo.     1857. 
Glasffmo  Philosophical  Soci>/jy— Constitution  of  the  Society  ;  and  the  Catalogue 

of  the  Library.     8vo.     1850-7. 
Graham,  George,  Esq,  {Registrar-General) — Reports  of  the  Registrar-General 

for  July  to  Oct.  1857.     8vo. 
Granhilndens  Aatur/urscheiuie  Gcavllschafi — Jahrcbbcrichtc.   Neue  Folge  I.  und 
II.     bvo.     1854-6. 
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GENERAL   MONTHLY    MEETING, 
Monday,  December  7. 

Wiu-iAM  Pole,  Esq.  M.A.  F.ILS-  Treasuier  and  Vice-Presideut, 

in  the  Chair. 

Charles  Brooke,  Esq.  F.RJS. 
was  duly  elected  a  Member  of  the  Royal  Iiistitutioo. 

Neil  Amott,  M.D.  F.RJS. 
was  admitted  a  Member  of  the  Royal  Instituticm. 

The  Secretary  reported  that  the  following  Arrangements  had 
been  made  for  the  Lectures  before  Easter,  1 858 : — 

Six  Lectures  on  Static  Electeicitt  (adapted  to  a  Juvenile 
Auditory),  by  Michael  Faraday,  Esq.  D.C.L.  F.R.S.  &c.  Ful- 
lerian  Professor  of  Chemistry,  RJ. 

Twelve  Lectures  on  the  Peincitles  of  Biology,  by  Thomas 
Henry  Huxley,  Esq.  F.R.S.  Fullerian  Professor  of  Physiology,  R.I. 

Ten  Lectures  on  Heat,  coxsideeed  as  a  Mode  op  Motion, 
by  John  Tyndall,  Esq.  F.R.S.  Professor  of  Natural  Philosophy, 
R.I. 

Ten  Lectures  on  the  Chemistey  of  the  Elements  which 
ciECULATE  IN  Natube,  by  Chaeles  L.  Bloxam,  Esq.  Professor 
of  Practical  Chemistry,  King's  College,  London. 

The  following  Peesents  were  announced,  and  the  thanks  of  the 
Members  returned  for  the  same : — 

Fbom — 
Hon.  East  India  Company — Bombay  Magnctical  and  Meteorological  Obserra- 

tioDS  for  1854  and  1855.    4to. 
Amaican  Academy  of'  Sct^iices— Proceedings,   Vol.  III.    Nos.  24-31.    Svo. 
1856. 
MenwHTS,  New  Series,  Vol.  VI.    Parti.    4to.     1857. 
American  PhUoiophical  Soctc^v— Proceedings,  No.  56.    8to.     1857. 
Agronomical  Socief^,  /^oiyu/— Monthly  Notices,  Vol.  XVII.   No.  9.  8to.  1857. 
Alhememm  Club — List  of  Members,  &c.     16to.     1857. 
Bell,  Jacob,  Esq.  i(f  J?./.— Pharmaccotical  Journal  for  Nov.  1857.    Sto. 
Jiooaey,  Messrs.  (the  Publishen)  -The  Musical  World  for  Nov.  1857.    4ta 
Boston  Society  rf  Natural  Uistory-^FroceedLiug^  Vol.  V.    Nos.  21-26.    Vol. 
IV.    Nos.  1-10.    8vo.     1856-7. 
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RamU^  James,  Esq.  F.R.S.  itf  JZ./.— MathematioAl  TVefttiaa.    Qj  tlie  Sev. 
J.  West.    8vo.    IS.'iS. 
Elements  of  Christian  Theology.    By  Bishop  Pretyman  [Tomline].    S  Tob. 

8vo.     1799. 
Traite  dc  Trigonomc^trie,  par  S.  F.  liicroix.    8tol    Paris,  1837. 
Precis  de  Geometrie,  par  A.  J.  Vincent    8Ta    Paris,  1837. 
Traite'  de  Geometric  Descriptive,  par  L.  Lefetore  de  Fourcj.    8Ta    Puii^ 
1837. 
Roifal  College  cfSurfjetnu — Catalogoe  of  the  Libranr.    6  toIi.     8to.    1840-55. 
Eoma,  Aecademiti  Pontificia  de*  Nuooi  JLtMei— Atti,  Aimo  VII.    BeKt  1, 2. 

Anno.  X.    Sess.  1-5. '  4to.     1856-7. 
SSchMiache  Geseliechq/l  der  IfuseMcAq/Ieji— Abhandlongen,  Band  VI.    Hefte 
I  und  2.     4to.     1857. 
Berichte,  1856,  Hefte  2.    1857,  Hefle  1.    8yo. 
Shaw,  Alexander,  Emj.  M.R.L-  Report  on  Dr.  FeU'i  Treatment  of  Guwenn 

Diseases  at  Middlesex  Hospital.    8yo.     1857. 
Smithaonian  luMtiiution,  WaahinytoH'^Teuth  and  Eierenth  Aniwmi  Bflportk  8vo. 
1856-7. 
Smithsonian  Contributions,  Vol.  IX.    4to.     1857. 

Researches  on  the  Anmiomo-Cobalt  Bases ;  by  W.  Gibbt  and  S.  Gentfa.    4to. 
1856. 
Society  tf  .4rts— Journal  for  Nov.  1857.    8vo. 
So^}cxih,  Tfios.  Esq,  MJt.I,  {the  ^u<Aor>— Notes  of  a  Visit  to  Egypt    16to. 

1857. 
Sireatfeild,  /.  F.  Esq.  ^the  i!;(2itor}~Ophthalmic  Hospital  Reports.    Now  1. 

8vo.     1857. 
United  States  Cofixt  Sffrtvy— Report  for  1855. 
Zoological  iSocif^y— Proceedings,  Nos.  334-338.    8vo.    1857. 
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WEEKLY  EVENING  MEETING, 

Friday,  January  22. 

William  Pole,  Esq.  M.A.  F.R.S.  Treasurer  and  Vice-Presideat, 

in  the  Chair. 

Professor  J.  Tyndall,  F.R.S. 
On  some  Physical  Properties  of  Ice, 

The  discourse  was  prefaced  by  some  remarks  on  force  in  general ; 
and  more  especial  attention  was  afterwards  directed  to  the  force, 
or  application  of  force,  manifestoil  in  the  phenomena  of  crystalliza- 
tion. Experimental  illustrations  were  exhibited,  and  the  speaker 
passed  on  to  the  ixirticuhir  case  of  crystallized  water,  or  ice.    Being 
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lion  J  because  the  volume  of  the  liquid  is  lesa  than  that  of  the  ioe 
which  produced  it ;  whereas,  if  the  air  be  simply  that  entrapped  in 
the  snow  of  the  neve,  it  will  not  be  thus  rarefied.  Here,  then,  we 
have  a  test  as  to  whether  the  water-cells  have  been  produced  by 
tlie  melting  of  the  ice. 

Portions  of  ice  containing  these  compound  cells  were  immemd 
in  hot  water,  tlie  ice  around  the  cavities  being  thus  gradoally 
melted  away.  When  a  liquid  connexion  was  establiKhed  between 
the  bubble  and  the  atmosphere,  the  former  collapsed  to  a  smaller 
bubble.  In  many  cases  the  residual  bubble  did  not  reach  the 
hundred  til  part  of  the  magnitude  of  the  primitive  one.  There  wu 
no  exception  to  this  rule,  and  it  proves  that  the  water  of  the 
cavities  is  really  due  to  the  melting  of  the  adjacent  ice. 

The  first  hypothesis  above  referred  to  is  that  of  M.  Agassis ; 
which  has  been  reproduced  and  subscribed  to  by  the  Messrs. 
Schlagiiitweit,  and  accepted  generally  as  the  true  one.  Let  us 
pursue  it  to  its  cbnsequcnces. 

Comparing  equal  weights  of  air  and  water,  experiment  proves 
that  to  raise  a  given  weight  of  water  one  degree  in  temperature,  as 
much  heat  would  be  needed  as  would  raise  the  same  weight  of 
air  four  degrees. 

Comparing  equal  volumes  of  air  and  water,  the  water  b  known 
to  be  770  times  heavier  than  the  air ;  consequently,  for  a  given 
volume  of  air  to  raise  an  equal  volume  of  water  one  degree  in 
temperature,  it  must  part  with  770  X  4  =  3080  degrees. 

Now  the  quantity  of  heat  necessar)'  to  melt  a  given  weight  of 
ice  would  raise  tlie  same  weight  of  water  142*6  Fahr.  degrees  in 
temperature.  Hence  to  produce,  by  the  melting  of  ice,  an  amount 
of  water  equal  to  itself  in  bulk,  a  bubble  of  air  must  yield  up 
3080  X  142*6,  or  upwards  of  four  hundred  thousand  degrees 
Faiireiiheit. 

This  is  the  amount  of  heat  which,  according  to  the  hypothesis 
of  M.  Agassiz  and  the  Messrs.  Schlagintweit,  is  absorbed  by  the 
bubble  of  tiie  air  in  a  short  time  under  the  eyes  of  the  observer. 
That  is  to  say,  the  air  is  ca])able  of  absorbing  an  amount  of  heat 
which,  had  it  not  been  communicated  to  the  surrounding  ice,  would 
raise  the  bubble  to  a  temjierature  160  times  that  of  fused  cast 
iron.  Did  air  possess  this  enormous  power  of  a1)sorption  it  would 
not  be  without  inconvenience  for  the  animal  and  vegetable  life  of 
our  planet. 

The  fact  is,  that  a  bubble  of  air  at  the  earth's  surface  is  unable, 
in  the  sightest  appreciable  degree,  to  absorb  the  sun's  rays ;  for 
those  rays  before  they  reach  the  earth  iiave  been  perfectly  sifted  by 
their  passiige  tlirough  the  atmo8])here.  The  following  experiment 
illustrative  of  this  point,  has  boon  ninde  by  the  speaker  :  the  rays 
from  an  electric  lanij)  were  condensed  by  a  lens,  and  the  concen- 
trated lienm  sent  through  the  bulb  of  a  differential  thermometer. 
The  heat  of  the  beam  was  intense  ;  still  not  tlie  slightest  effect  was 
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WEEKLY  EVENING   MEETING, 
Friday,  January  29. 

Sir  Benjamin  Colu58  Brodie,  Bart,  D.C.L.  F.R.S. 

Vice-Presideut,  in  the  Chair. 

William  Hobebt  Grove,  Esq.  Q.C.  V.P.RS. 
Om  Molecular  Impreuiong  by  Light  and  JElectricUy. 

The  term  molecule  is  used  in  difTereut  senses  by  different  authors : 
by  some  it  is  employed  with  the  same  meaning  as  the  word  aiom^ 
ue.,  to  signify  an  ultimate  indivisible  particle  of  matter ;  by  otben 
to  signify  a  definite  congeries  of  atoms  forming  an  integral  element 
of  matter,  somewhat  as  a  brick  may  be  said  to  be  a  congeries  of 
particles  of  sand,  but  a  structural  element  of  a  house. 

The  term  is  used  this  evening  to  signify  the  particles  of  bodies 
smaller  tlian  those  having  a  sensible  magnitude,  or  only  as  a  term  oi 
contradistinction  from  masses.  If  there  be  any  distinctive  charac- 
teristic of  the  science  of  the  present  century  as  contrasted  with  that 
of  former  times,  it  is  the  progress  made  in  molecular  physics,  or  the 
successive  discoveries  whicti  have  shown  that  when  ordinary  ponder- 
able matter  is  subjected  to  the  action  of  wliat  were  formerly  called 
the  imponderables,  the  matter  is  molecularly  changed.  The  re- 
markable relations  existing  between  the  physical  structure  of  matter, 
and  its  effect  uix)n  heat,  light,  electricity,  magnetism,  &c.,  seems, 
until  the  present  century,  to  have  attracted  little  attention :  tlms,  to 
take  the  two  agents  selected  for  this  evening's  discourse,  Light  and 
Electricity,  how  manifestly  their  effects  depend  upon  the  molecular 
structure  of  the  bodies  subjected  to  their  influence?  Carbon  in 
the  form  of  diamond  transmits  light  but  stops  electricity.  Carbon 
in  the  form  of  coke  or  graphite,  into  which  the  diamond  may  be 
transformed  by  heat,  transmits  electricity  but  stops  light.  All  solid 
bodies  wliich  transmit  light  freely,  or  are  transparent,  are  non- 
conductors of  electricity,  or  may  be  said  to  be  opaque  to  it ;  all  the 
best  conductors  of  electricity,  as  black  carbon  and  the  metals,  are 
opaque  or  non-conductors  of  light.  ^  Bodies  which  have  a  peculiar 
but  definite  and  synmietrieal  structure,  such  as  crystals,  affect  light 
definitely  and  in  strict  relation  to  their  structure :  witness  the  effects 
of  polarized  light  on  cr}'stals  ;  and  there  are  not  wanting  instances 


*  It  should  be  borne  in  mind  that  these  terms  arc  not  absolute,  but  only 
express  a  high  degree  of  approximation. 
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phosphorescent  force,  and  produce  a  circular  mark  on  the  photo- 
graphic paper,  and  even  impress  on  the  latter  the  lines  of  an 
engraving  interposed  between  it  and  the  photographic  surface. 

Phosphorescent  bodies  produce  similar  effects  in  a  greater  degree, 
and  bodies  which  intercept  the  phosphorescent  effect  intercept  the 
invisible  radiations.  A  design  drawn  by  a  fluorescent  substance, 
such  as  a  solution  of  sulphate  of  quinine  on  paper,  is  reproduced, 
the  design  being  more  strongly  impressed  than  the  residual  parts 
of  the  paper. 

Mr.  Grove  had  little  doubt  that  had  the  discourse  been  given  in 
the  summer  instead  of  mid-winter,  he  could  have  literally  realised 
in  this  theatre  the  Lagado  problem  of  extracting  sunbeams  from 
cucumbers ! 

While  fishing  in  the  autumn,  in  the  grounds  of  M.  Seguin,  at 
Fontenay,  Mr.  Grove  observed  some  white  patches  on  the  skin  of  a 
trout,  which  he  was  satisfied  had  not  been  there  when  the  fish  was 
taken  out  of  the  water.  The  fish  having  been  rolling  about  in 
some  leaves  at  the  foot  of  a  tree,  giive  him  the  notion  that  the  effect 
might  be  photographic,  arising  from  the  sunlight  having  darkened 
the  uncovered,  but  not  the  covered  portions  of  the  skin.  With  a 
fresh  fish  a  serrated  leaf  was  placed  on  each  side,  and  the  fish  laid 
down  so  that  the  one  side  should  be  exposed,  the  other  sheltered 
from  light :  af\er  an  hour  or  so  the  fish  was  examined,  and  a  well 
defined  image  of  the  leaf  was  apparent  on  the  up]>er  or  exposed 
side,  but  none  on  the  under  or  sheltered  side.  There  was  no 
opportunity  of  furtlier  experiment ;  but  there  seems  little  doubt  of 
the  effect  being  photographic,  or  an  oxidation  or  deoxidation  of  the 
tissue  determined  by  light. 

Many  important  considerations  might  be  suggested  as  deducible 
from  the  above  results,  as  to  the  influence  of  light  on  health,  botli 
that  of  vegetables  and  animals.  The  effect  of  light  on  the  healthy 
growth  of  plants  is  well  known  ;  and  it  is  generally  believed  that 
dark  rooms,  though  well  heated  and  ventilated,  are  more  "  close  *' 
or  less  healthy  than  those  exposed  to  light.  When  we  consider  the 
invisible  phosphorescence  which  must  radiate  from  the  walls  and 
furniture,  when  we  consider  the  effects  of  light  on  animal  tissue, 
and  the  probable  ozonizing  or  other  minute  chemical  changes  in  the 
atmosphere  effected  by  light,  it  becomes  probable  that  it  is  far  more 
immediately  influential  on  the  health  of  the  animate  world  than  is 
generally  believed. 

The  number  of  substances  proved  to  be  molecularly  affected  by 
light  is  so  rapidly  increj\sing,  that  it  is  by  no  means  unreasonable 
to  suppose  that  all  bodies  are  in  a  greater  or  less  degree  changed 
by  its  impact. 

Passing  now  to  the  effects  of  Electricity,  every  day  brings  us 
fresh  evidence  of  the  molecular  clianges  effected  by  this  agent.  The 
eloctric  discharge  alters  the  constitution  of  many  g«\ses  across 
"which  it  Is  passed ;  and  it  was  shown,  that  by  passing  it  through 
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these,  retaining  iU  jxilislu  The  molecular  change  is  extremely 
delicate,  and  can  only  be  seen  in  certain  inclinations  to  the  light ; 
it  does  not  seem  to  affect  the  performance  of  the  glass.  Dollond 
died  in  1761 ;  but  whether  made  by  him  or  his  son,  the  instrument 
bears  internal  evidence  of  being  very  old  ;  and  was  represented  as 
having  been  40  years  in  the  shop  where  it  was  bought  We  have 
therefore  an  experiment  of  very  long  duration,  and  which  presents 
these  remarkable  points  :  1st,  There  is  a  notable  distance  between 
the  radiating  surfaces.  2ndly,  The  impression  is  permanently 
etched,  and  not  capable  of  being  removed  by  any  cleaning  of  the 
Bur&ce.  It  would  be  out  of  place  in  this  note  to  enter  on  the 
theory  of  this  effect. 

[W-  R.  G.] 
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William  1*ole,  Esq.  M.A.  F.R.S.  Treasurer  and  Vice-President, 

in  the  Chair. 

Richard  Corbet,  Esq. 

Roger  Fen  ton,  Esq. 

Mervyn  Hamilton,  Esq. 

William  Augustus  Hillman,  Esq.  F.R.C.S.  and 

John  Leigh  ton,  jun.  Esq.  F.S.A. 

were  duly  elected  Members  of  the  Royal  Institution. 

Charles  Brooke,  Esq.  F.R.S. 
was  admitted  a  Member  of  the  Royal  Institution. 

The  following  Presen'cs  were  announced,  and  the  thanks  of  the 
Members  returned  for  the  same  : — 

From — 
Actuaries,  Institute  ^— Aasurance  Magazine.    No.  30.    8vo.     1857. 
.^djionjrmottf— Neufch&tel,  and  its  Events  since  1814.    8vo.     1857. 
-4»ia/ic  SWwfy  ^  Btfiwo/-- Journal,  No.  263.    8vo.     1857. 
Astronomical  Society,  J?^0/—Monthly  Notice,  Dec.  1857. 
Basel  Natutforschende  Giw/^Aq/i— Verhandlungen,  Viertes  Heft  8vo.   1857, 
Bell,  Jacob,  Esq,  Jlf./?./.~Pharmaocatical  Journal  for  Jan.  1858.    8vo. 
Boosey,  Messrs,  {the  Publishers)— The  Musical  World  for  Jan.  1858.    4to. 
Bombay  Geographical  &ci««y— Transactions,  Vol.  XII I.    8vo.    1867. 
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Sockiy  if  ArtM-^JonraaX  for  Nov.  and  Dec.  1857,  and  Jan.  1858.    8to. 
Sopwiih,  Jlhomas,  Etq*  F.R.S,  MM. I,  {the  Author) — Reminiscences  of  Flnt 

Visits  to  Scotland,  London,  and  the  South-West  of  England  in  1828»  1890, 

and  1833.     IGto.     1847. 
Treatise  on  Isometrical  Drawing.    2nd  Edition.    8yo.     1838. 
Taylor,  Rev.  W.  K/J.S.— Portraits.     ICto.     Leipsig,  1779. 
Vereins  zur  Bi^fihrderung  det  Orwerbfleiuet  in  Freusaem— Sept.  and  Oct.    1857. 

4to. 
Von  Keraten,  Chatles,  Esq,  {the  Author) — Reading  made  Eas¥  (for  German, 

English,  and  French,  by  New  Characters.)     8to.    Bmsseis,  1857. 
Wilson,  Thomas f  JEsg.  M,R.I. — Plans  of  the  Lake  of  Haarlem  and  its  Diying- 

np.     1843-55. 
YearJey,  James,  Esq.  M.R.I,  (the  Author) — CoDtroversy  on  the  Artificial 

Tvmpanum.    8yo.    1858. 
ZoologtcaC  Societif  tf  London— FroceedingB,  Nos.  384-338.    8vo.     1857. 


WEEKLY   EVENING  MEETING, 
Friday,  February  5. 

The  Lord  Wensleydale,  Vice-President,  in  the  Chair. 

Edwin  La:ckesteb,  M.D.  F.R.S.  M.R.I. 
On  the  Drinking    Waters  of  the  Metropolis. 

In  bringing  the  subject  of  the  drinking  waters  of  the  metropolis 
before  his  audience,  the  lecturer  stated  that  he  wished  to  addrex 
them  not  as  a  chemist  or  a  naturalist,  but  as  a  medical  officer  of 
health.  He  wished  to  make  his  lecture  practical,  and  to  answer  the 
question,  What  water  shall  we  drink?  Water  might  be  discoursed 
on  as  a  solid,  a  liquid,  or  a  vapour,  and  from  every  point  of  view  it 
had  deep  interest  for  man.  It  was  as  one  of  the  great  factors  of  the 
organic  kingdoms,  that  he  must  now  regard  it.  Water  was  necessary 
to  the  formation  of  the  tissues  of  both  plants  and  animals.  Some 
water  plants  consisted  of  from  90  to  95  per  cent,  of  water,  whilst 
Professor  Owen  had  estimated  the  solid  matter  of  a  jelly-fish  weigh- 
ing two  pounds,  at  sixteen  grains.  Seventy-eight  parts  in  the 
hundred  of  blood,  and  seventy-two  parts  in  the  hundred  of  muscle 
was  water.  Most  kinds  of  solid  human  food  contained  more  than 
fifty  per  cent,  of  water. 

Water  was  not  only  necessary  to  the  formation  of  animal  and 
vegetable  tissues,  but  to  the  introduction  into  the  system  of  salint 
and  or  game  matters.  The  water  of  the  blood  held  420  grains  of 
saline  matters  in  solution,  and  the  tissues  also  contained  salts,  such 
as  phosphate  of  lime,  which  were  introduced  by  tlie  agency  of 
water.     The  organised  maUexs  ol  \.\v^  ioo^  q^  vsvvccalU  were  taken 
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The  spring-curtaia  of  this  lock  may  be  adapted  to  almost  anv 
other,  and  is  particularly  recommended  for  street-door  or  ^  latch  ' 
locks,  as  they  are  called,  which  are  very  liable  in  such  towns  as 
London  to  be  spoiled,  or  pat  out  of  order,  by  the  action  of  the  air 
and  dirt  upon  them.  Mr.  Hobbs  adds  this  curtain  to  his  latch 
locks  for  a  trifling  extra  charge,  the  cost  of  making  it  being  insig- 
nificant ;  and  it  supersedes  the  necessity  for  an  external  ^*  scutcheon** 
on  the  key-hole,  which  seldom  keeps  long  in  action,  and  is  not  so 
eflectual  as  this  self-acting  curtain. 

Mr.  Denison  also  exhibited  three  small  bells,  made  by  Mr. 
Mears :  one  of  the  same  metal  as  the  great  bell  of  Westminster 
which  he  b  now  re-casting ;  another,  with  the  addition  of  as  much 
silver  as  would  amount  to  1  cwt.  and  cost  £500  in  a  16-ton  bell; 
and  the  third  with  rather  more.  These  bells  clearly  bore  out  the 
statement  made  in  the  lecture  on  bells  last  year,  that  the  tone 
would  not  be  improved  by  adding  silver,  of  which  also  no  trace  has 
been  found  in  any  old  bell-metal  that  has  been  analyzed. 

[E.  B.  D.] 


WEEKLY  EVENING   MEETING, 
Friday,  February  26. 

The  Lord  WESSLErDALE,  Vice-President,  in  the  Chair. 
Rev.  Baden  Poweli^  M.A.  F.R.S.  F.G.S.  F.R.A.S. 

flAYIUAK  PKOP.  OF  OBOXKTaT,  OXPOKO. 

0#t  Rotatory  Stability;  and  its  Applications  to  Astronomical 

Observations  on  board  Ships, 

The  subject  of  rotatory  motion,  especially  when  taking  place  under 
those  combinations  which  are  presented  in  the  gyroscope,  or  free 
balanced  revolver,  has  attracted  much  attention  at  the  present  day  ; 
and  though  the  primary  mechanical  principles  bearing  u})on  it  had 
been  long  since  understood  and  acknowledged  in  theory,  yet  the 
practical  results  to  which  they  might  lead  liad  been  so  little  con- 
sidered, tliat  when  first  tangibly  exhibited  they  excited  unbounded 
surprise. 

Even  some  scientific  persons  were  at  a  loss  to  account  for  them, 
or  sceptipal  as  to  their  real  nature  ;  esi)ecially  when  they  witnessed 
the  wonderful  results  obtained  by  M.  Foucault,  apparently  sub- 
verting the  laws  of  equilibrium,  and  looking  more  like  magic  or 
legerdemain  tliau  sober  pliilosophical  experiments.      Yet  while 
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The  principle  of  fixity  of  the  plane  of  rotation  had  been 
universally  recognised  in  theory ;  and  it  could  not  have  been 
doubted  that  in  proportion  to  the  momentum  acquired  by  giving 
immense  velocity  to  the  rotating  mass,  this  constancy  would  be 
more  vigorously  displayed  ;  yet  perhaps  few  were  prepared  for  the 
actual  result  as  exhibited  by  M.  Foucault :  even  when  the  prind- 
ple  was  acknowledged,  nothing  could  seem  more  astonishing  than 
the  obstinate  resistance  of  the  disk  to  any  inclination  from  its 
ongmal  plane  of  rotation  ;  which  no  ordinary  degree  of  force  would 
overcome.  This  principle  is  that  chiefly  referred  to  in  the  inven- 
tions about  to  be  described,  where  the  effect  depends  essentially  on 
the  great  amount  of  resistance  thus  offered  to  any  angular  motion 
impressed  by  an  extraneous  cause  on  a  perfectly  balanced  revolv- 
ing heavy  disk. 

When  we  consider  the  vast  amount  of  precautions  taken  by 
astronomers  for  securing  the  stability  of  their  instruments,  and  the 
careful  plans  adopted  for  guarding  against  every  imaginable  cause 
of  disturbance  on  land,  it  may  seem  surprising  that  even  any 
attempt  should  be  'made  to  carry  on  such  operations  at  sea.  Yet 
it  is  a  matter  of  necessity :  some  observations  must  be  made  for 
determining  the  place  of  the  ship,  on  whioh  its  safety  depends ;  and 
other  cases  often  occur  when  phenomena  of  great  value  to  astro- 
nomy,— the  science  without  which  the  ship  could  not  be  navigated, — 
are  required  to  be  observed  at  sea  ;  or  may  perhaps  only  be  visible 
at  positions  out  on  the  ocean.  The  most  important  of  these  obser- 
vations are  those  of  the  altit tides  of  the  heavenly  bodies,  on  which 
depends  both  the  determination  of  the  latitude^  and  the  correction 
of  time  essential  to  finding  the  longitude;  and  for  this  purpose 
there  is  a  necessity  for  a  well  defined  horizon,  which  it  is  often 
impossible  to  obtain  from  the  state  of  the  atmosphere  in  its  lower 
parts,  though  the  sun  or  star  can  be  distinctly  seen  above,  and  this 
more  especially  at  night ;  yet  the  safety  of  the  ship  may  essentially 
depend  on  such  an  observation. 

Hence  various  plans  have  been  resorted  to  for  obtaining  an 
artificial  horizon.  Simple  reflection  from  the  surface  of  a  liquid 
can  hardly  ever  be  practicable,  on  account  of  the  motion  of  the 
ship,  though  it  is  the  usual  substitute  on  land ;  by  the  reflected 
image,  seen  as  much  below  the  true  horizon  as  the  object  is  above 
it. 

The  most  celebrated  attempt  to  substitute  some  otiier  principle, 
was  an  application  of  rotatory  motion^  devised  by  the  late  Mr. 
Troughton,  in  1820.  It  consists  in  causing  a  disk,  truly  balanced 
on  a  fixed  pivot,  to  spin  round  with  great  velocity,  so  as  to  keep  up 
its  motion  during  the  time  re<iuired  for  an  observation,  known  by 
tlie  name  of  "  Troughton's  to])."  The  disk  carries  a  plane  reflector 
on  its  upper  surface  ;  and  being  a  cylinder  hollowed  out  at  its 
Jower  end,  and  the  point  of  support  within,  the  centre  of  gravity  is 
ihroYfn  beloWj  so  that  \t  \s  \tv  ^\a\)\^  ^cy\\\\V»T\\wjci  when  at  rest.    The 
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of  the  earth ;  and  when  restricted  to  one  plane  it  acts  as  a  magnetic 
needle  without  magnetism,  or  spontaneously  rotates  in  parallelism 
with  the  earth.  To  these  remarkable,  diversified,  and  somewhat 
paradoxical  applications,  we  have  now  added  another  of  &r  higher 
utility,  that  it  g^ves  perfect  stability  for  the  nicest  astronomicsl 
observations  on  board  a  ship,  pitching  and  tossing  with  every  wave 
and  gust  of  wind. 

[Besides  models,  illustrative  of  the  principle,  the  actual  instru* 
ments  were  exhibited  by  Prof.  C.  P.  Smyth.] 

[B.  P.] 
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Wlluam  Pole,  Esq.  M.A.  F.R.S.  Treasurer  and  Vice-President, 

in  the  Chair. 

Edward  Levi  Ames,  M.A.      |   Alfred  Gutteres  Henriques,  Esq. 


Herbert  Barnard,  Esq. 
George  Bishop,  jun.,  Esq. 
John  Asliton  Bostock,  Esq. 
S.  M.  Boulderson,  Esq. 
Edward  Hay  Currie,  Esq. 


Thomas  Hyde  Hills,  Esq. 
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Sir  James  P.  Kay  Shuttle  worth, 
Bart. 
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Alfred  Hamilton,  Esq.  j  William  T.  H.  Strange,  liq. 

Joseph  Haynes,  Esq.  '  Robert  Tait,  Esq. 

Stanley  Haynes,  Esq.  j  Matthew  Uzielli,  Esq. 

were  duly  elected  Members  of  the  Royal  Institution. 

William  Augustus  Hillman,  Esq.  F.R.C.S. 
John  Leighton,  jun.  Esq.  JB'.S.A. 

were  admitted  Members  of  the  Royal  Institution. 

The  Secretary  announced  that  the  following  Arrangements  had 
been  made  for  the  Lectures  after  Ekister  : — 

Nine  Lectures  on  the  History  of  Italy  dubing  the  Middle 
Ages,  by  James  Phiup  Lacaita,  Esq.  LL.D. 

Three  Lectures  {in  continuation)  on  Heat,  considered  as  a 
Mode  of  Motion,  by  John  Ttndall,  Esq.  F.R.S.  Professor  of 
Natural  Philosophy,  R.I. 
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Saumarez,  Rear- Admiral  (the  Author) — lotrodnctory  Key  to  the  Hieioglyphio 

Phraseology  of  the  Old  TesUmeot.    4to.     1858. 
Society  ^.4rr»— Journal  for  Feb.  1858.    8vo. 
Taylor,  Rev.  W,  FJi.S.  M.R.I. Specimen  of  the  Great  Bell  (^Westminster 

['*  Big  Ben  *']  now  being  broken  up. 
Thomson,  rrofesaor  ir.— Specimen  of  the  Shore-end  of  the  Atlantic  Telegn^ 

Wire. 
Vereins  zur  Btfordefung  dir  Gewerbjleisaes  in  Preussen—'Sav.  ond  Dec.     1857. 

4to. 
Window,  F.  R.  Esq.  (Me  Author) — On  Sabmarine  Electric  Telegraphs.    8to. 

1857. 


Professor  Faraday,  on  Static  Induction, 


(Addition  to  the  Rej.ort  of  the  I2th  of  February.) 

The  inquiries  made  by  some  who  wish  to  understand  the  real 
force  of  the  test  experiments  relating  to  static  induction,  brought 
forward  on  the  above  date  (page  470,)  and  their  consequences  in 
relation  to  the  theory  of  induction,  make  me  aware  that  it  is 
necessary  to  mention  certain  precautions  which  I  concluded  would 
occur  to  all  interested  in  the  matter :  I  hope  the  notice  I  propose  to 
give  here  will  be  sufficient.  When  metallic  coatings  or  carriers 
are  employed  for  the  purpose  of  obtaining  a  knowledge  of  the 
state  of  a  layer  of  insulating  particles,  as  those  forming  the  surface 
of  a  plate  of  sulphur,  it  is  very  necessary  that  they  should  exist  in 
a  plane  perpendicular  to  the  lines  of  the  inductive  force,  and  in  a 
iield  of  action  where  the  lines  of  force  are  sensibly  equal.  Hence 
the  importance  of  the  dimensions  given  in  the  description  of  the 
apparatus  at  page  472  of  the  report  of  the  evening,  when  the  induc- 
tive surfaces  are  described  as  9  inches  in  diameter,  and  9  inches 
apart.  The  inductive  surface  there  mentioned  is  a  plane  :  a  ball 
cannot  properly  be  used  for  this  purpose ;  for  the  lines  of  inductive 
force  originating  at  it  cannot  then  be  perpendicular  to  the  layer  of 
gold-leaf  forming  the  coating  of  the  sulphur.  The  consequence 
would  be  that  this  layer  of  gold  being  virtually  extended  along  the 
lines  of  inductive  force,  %.e.  having  parts  nearer  to  and  parts  more 
distant  from  the  inductric,  will  be  polarized  according  to  well- 
known  electrical  actions,  will  have  opposite  states  at  those  parts , 
will  show  these  states  by  a  carrier,  and  will  give  results  not  belong- 
ing merely  to  insulating  particles  in  a  section  across  the  lines, 
but  chiefly  to  united  conducting  particles  in  a  section  oblique  to  or 
along  the  lines. 

The  carrier  itself  must  be  perfectly  insulated  the  whole  time,  or 
else  a  case  of  induction,  not  including  the  sulphur,  and  entirely 
different  to  that  set  out  with  is  established.  It  must  uot  even 
extend  by  elongation  into  parts  of  the  field  of  induction  where  the 


1858.]  (m  Static  Induction.  491 

force  differs  in  degree ;  or  else  errors  of  the  same  kind  as  those 
described  with  the  ball  inductric  will  occur.  It  should  also  be 
8o  used  as  to  receive  no  charge  by  convection.  When  introduced 
between  the  inductric  and  the  sulphur,  it  is  very  apt,  if  the  charge 
be  high,  or  if  particles  adhere  to  the  inductric,  to  receive  a  charge. 
This  is  easily  tested  by  introducing  the  carrier  into  its  place, 
abstaining  from  touching  the  gold-leal,  withdrawing  the  carrier,  and 
examining  it :  it  is  not  until  this  can  be  done  without  bringing  away 
any  charge  that  the  carrier  should  be  employed  to  touch  the  gold- 
leaf  surface,  and  bring  away  the  indication  of  its  electrical  state. 

As  before  said,  if  when  the  state  of  matters  is  perfect,  and  no 
convection  interferes,  the  gilt  sulphur  be  put  into  its  place,  left 
there  for  a  short  time,  and  brought  away  again,  it  will  be  found 
without  any  charge  either  of  the  gold-leaf  coating  or  the  sulphur. 
If  it  be  put  into  place,  the  coating  next  the  inductric  be  uninsulated 
for  a  moment  only,  and  the  plate  brought  away,  that  coating  will 
then  appear  positive.  If  it  be  put  into  place  and  the  further  gold- 
leaf  be  uninsulated  for  a  moment,  that  coating  when  the  plate  is 
brought  away  will  be  found  negative.  These  are  all  well  known 
results,  and  will  always  appear  if  convection  and  other  sources  of 
error  be  avoided. 

22nd  March,  1858.  M.  F. 
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extemporizes,  as  it  were,  a  sloniach  for  itself  in  the  sabstanoe  of  its 
body,  into  which  it  ingests  the  solid  particles  that  oonstitate  its 
ibod,  and  within  which  it  subjects  them  to  a  regular  process  of  diges- 
tion. Ilence  tbe»e  simplest  members  of  the  two  kingdoms,  which 
can  scarcely  be  distinguished  from  each  other  by  any  sinteiural 
characters,  seem  to  be  physiologically  separable  by  the  mode  in 
which  they  perform  those  actions  wherein  their  life  most  easentially 
consists. 

There  are  found,  both  in  fresh  and  salt  waters,  nmnoxios 
examples  of  this  Bhizopod  type,  which  do  not  present  any  essential 
advance  upon  the  Amceba  and  Actinophrys ;  and  a  large  proportion 
of  these  are  endowed  with  a  shelly  investment  which  may  be  either 
calcareous  or  siliceous, — the  former  being  the  characteristic  of  the 
Foraminiferaj  the  latter  of  the  Polycystiita,  In  some  of  these  tes- 
taceous forms,  the  pseudopodia  are  put  forth  only  from  the  mouth 
of  the  shell,  whilst  in  other  cases  thb  is  perforated  with  minute 
ajiertures  for  their  passage ;  but  where  there  are  no  such  apertures, 
the  sarcode  body  not  unfrequently  extends  itself  over  the  entire 
external  surface  of  the  shell,  and  may  give  off  pseudopodia  in  every 
direction.  Generally  speaking,  the  Furaminifera  live  attached  to 
sea- weeds,  zoophytes,  &c. ;  but  their  pseudopodia  have  a  very  ex- 
tensive range,  and  form  a  sort  of  animated  spider's  web,  most  won- 
derfully adapted  for  the  prehension  of  food.  The  absence  of  any 
membranous  investment  to  these  threads  is  clearly  indicated  by 
their  fusion  or  coalescence  when  two  or  more  happen  to  come  into 
contact ;  and  sometimes  a  fresh  expansion  of  sarcode  takes  place  at 
spots  remote  from  the  body,  so  as  to  form  new  centres  from  which 
a  fresh  radiation  of  pseudopodia  proceeds. 

By  far  the  greater  number  of  Foraminifera  are  composite  fabrics, 
evolved,  like  zoophytes,  by  a  process  of  continuous  gemmation,  each 
gemma  or  bud  remaining  in  connection  with  that  from  which  it  was 
put  forth  ;  and  according  to  the  plan  on  which  this  gemmation 
takes  place,  will  be  the  configuration  of  the  composite  body  thereby 

})raduced.  Where  the  segments  succeed  each  other  in  a  line,  that 
ine  is  very  commonly  bent  into  a  spiral ;  and  each  new  segment 
being  a  little  larger  than  the  preceding,  the  spire  gradually  opens 
out,  so  that  the  shell  very  closely  resembles  that  of  the  Nautilus, 
both  in  its  form  and  in  its  chambered  structure.  There  is,  however, 
this  essential  difference, — that  whereas  in  the  nautilus  and  other 
chambered  shells  formed  by  cephalopod  mollusks,  the  animal  lives 
only  in  the  outermost  chamber,  all  the  inner  ones  having  been  suc- 
cessively vacated  by  it,  each  chamber  in  the  foraminiferous  shell 
continues  to  l)e  occupied  by  a  segment  of  the  composite  body,  com- 
municating with  the  segments  within  and  without  by  threads  of 
Barcode,  which  traverse  minute  passages  left  in  the  partitions  between 
the  chambers.  In  the  classification  of  these  forms,  an  extraordinary 
uniount  of  allowance  has  to  be  nuuie  for  the  very  wide  range  of 
Variation  that  may  present  itself  within  the  limits  of  one  and  the 
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WEEKLY   EVENING  MEETING, 
Friday,  March  26. 

Sib  Benjamin  Collins  Brodie,  Bart.  D.C.L.  F.R.S.  Vice- 

IVesident,  in  the  Chair. 

Rkv.  John  Barlow,  M.A.  F.R.S.  Vice-Pres.  &  Sec  R.I. 

On   Mineral   Candles  and  other  Products  manufactured  at 

Belsnont  and  Sherwood. 

The  candles  and  the  other  products  (liquid  hydro-carbons),  on 
which  Mr.  Barlow  discoursed,  are  manufactured  by  IMce's  Candle 
Company,  at  Belmont  and  Sherwood,  according  to  processes 
patented  by  Mr.  Warren  De  la  Rue.  The  novelty  of  these  sub- 
stances consists — 1.  In  the  material  from  which  they  are  obtained. 
2.  In  the  method  by  which  they  are  elaborated.  3.  In  their 
chemical  constitution. 

1 .  The  raw  material  is  a  semifluid  naphtha,  drawn  up  from  wells 
sunk  in  the  neighbourhood  of  the  river  Irrawaddy,  in  Uie  Burmese 
empire.  The  geological  characteristics  of  the  locality  are  sand- 
stone and  blue  clay.  In  its  raw  condition  the  substance  is  used  by 
the  natives  as  a  lamp-fuel,  as  a  preservative  of  timber  against 
insects,  and  as  a  medicine.  Being  in  part  volatile,  at  common  tem- 
peratures, this  naphtha  is  imported  in  hermetically-closed  metallic 
tanks,  to  prevent  the  loss  of  any  constituent.  Reichenbacli, 
Christison,  Gregory,  Reece,*  Young,!  Wiesman  (of  Bonn),  and 
others  have  obtained  from  peat,  coal,  and  other  organic  minerals, 
solids  and  liquids  bearing  some  physical  resemblance  to  those 
procured  from  the  Burmese  naphtha ;  but  the  first-named  products 
have,  in  every  instance,  been  formed  by  the  decomposition  of  the 
raw  material.  The  process  of  De  la  Rue,  is,  from  first  to  last, 
a  simple  separation,  without  chemical  change. 

2.  The  processes  adopted, — In  the  commercial  processes,  as 
carried  out  by  Mr.  George  Wilson,  at  the  Sherwood  and  Belmont 
Works,  the  crude  naphtha  is  first  distilled  with  steam  at  a  tem- 
perature of  212^  Fahr. ;  about  one-fourth  is  separated  by  this 
operation.  The  distillate  consists  of  a  mixture  of  many  volatile 
hydro-carbons ;  and  it  is  extremely  difficult  to  separate  them  from 
each  other  on  account  of  their  vapours  being  mutually  ver}'  diffus- 
able,  however  different  may  be  their  boiling  points.     In  practice, 


See  Proceedings  of  the  Royal  Institution,  Vol.  I.,  p.  4.  f  Ibid,  p.  135, 
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much  light  as  a  candle  weighing  |th  lb.,  made  of  spermaceti  or  of 
stearic  acid.  Its  property  of  fusing  at  a  yery  loir  temperature 
into  a  transparent  liquid,  and  not  decomposing  below  600°  Fahr. 
recommends  this  substance  as  the  material  of  a  Jmth  for  chemical 
purposes.  As  to  the  fluids  obtained  in  the  second  distillation, 
already  described,  they  all  possess  great  lubricating  properties ;  and, 
unlike  the  common  fixed  oils,  not  being  decomposable  into  an  add, 
they  dp  not  corrode  the  metals,  especially  the  alloys  of  copper, 
which*ltre  used  as  bearings  of  machinery.  This  aversion  to  chemi- 
cal combination,  which  characterizes  all  these  substances,  affords, 
not  only  a  security  against  the  brass-work  of  lamps  b^ng  injured 
by  the  hydro^carbon  burnt  in  them,  but  also  renders  these  hydro- 
carbons the  best  detergents  of  common  oil  lamps.  It  is  an  interest- 
ing physical  fact,  that  some  of  the  non-volatile  liquid  hydro-carbons 
possess  the  fluorescent  property  which  Stokes  has  found  to  reside 
in  certain  vegetable  infusions. 

3.  Chemical  eamtituiion  of  these  hydro-etttrbons, — On  this 
subject,  there  will  be  found  a  short  memoir  by  Warren  de  la  Rue, 
and  Hugo  Mailer,  in  the  Proceedings  of  the  Royal  Society,  Vol. 
viii.,  page  221.  The  researches  referred  to  in  that  memoir  are 
nearly  completed.  The  principal  constituents  of  the  Burmese 
naphtha,  are — (a),  (the  largest  in  proportion)  a  substance  identical 
in  composition  with  either  the  hydrurets  or  the  radicals  of  the 
ethyle  series  ;  (5)  Substances  of  the  benzole  series,  forming  a  com- 
paratively small  portion.  It  has,  however,  been  ascertained  that 
some  of  the  hydro-carbons  of  this  aromatic  series  differ  in  their 
chemical  and  physical  properties  from  the  analogous  members  of 
the  same  series  obtained  from  the  usual  sources.  This  difference 
is  most  strongly  marked  in  the  case  of  cumole  and  its  higher 
homologues  of  the  benzole  series,*  (c)  the  colophene  series  already 
adverted  to. 

An  important  characteristic  of  the  Burmese  naphtha  is  its  being 
almost  entirely  destitute  of  the  hydro-carbons  belonging  to  the 
olefiant-gas  seiies. 

[J.  B.] 

*  Id  illustration  of  this  view  may  be  cited,  Church's  discovery  of  a  para- 
bcozAe  in  coal  tar,  boiling  at  185°  Fahr.,  aod  not  solidifying  at  32**. 
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organic  bodies,  selected  from  the  large  number  above  spoken  of,  as 
being  capable  of  artificial  formation  from  their  elements  : — 

Name.  Formula. 

Oxalic  Acid (C,0„HO), 

Hydrocyanic  Acid     •     •      .     •     •     •  Ct  N,  H 

Light  Carburetted  Hydrogen       .     •     .  €•  H4 

Urea C,  N,  H4  O,- 

Formic  Acid  (A  cid  of  Ants)      .     .     .  C,  H  0„  H  O. 

Chloroform    ••••••••  C|H  Cla* 

Acetic  Add C4  H,  0„  H  O. 

Alcohol C4H5O,  HO. 

Ether (C4  H,  O),. 

Olefiant  Gas C4  H4. 

AceUc  Ether C4  H5  O,  C4  H,  O,. 

Oil  of  Garlic (C.  H5  S).. 

Oil  of  Mustard C.  H.  S,  C,  N  S. 

Glycerine Ce  H.  Oe. 

Butyric  Acid C,  Hy  0„  H  O. 

Pine  Apple  flavour  (Butyric  Ether)     .  C,  H,  0„  C4  H^  O. 

Succinic  Acid C8H4  0.,2HO. 

Valerianic  Acid  .      .     .      .     •      •     •  Cio  B^  Os,  H  O. 

Pear  flavour  (Acetate  of  Amyl)      •     •  C4  H,  Ot,  Cm  Hh  O. 

Apple  flavour  (Valerianate  of  Amyl)    •  Cm  Ho  Oa,  Cm  Hh  O. 

Lactic  Acid Cm  Hm  0|f 

Grape  Sugar  ? Cm  Hm  Om- 

Caproic  Acid Cm  Hh  O.,  H  O. 

Benzole Cm  He- 

Nitrobenzole Cm  H5  N  O4. 

Aniline N  (Cm  H^)  H,. 

Phenyl  Alcohol  (Creosote)  .     .     .      .  Cm  H^  O,  H  O. 

Picric  Acid CmH,(N04),0,H0. 

SalicyUcAcid CuHjO^^HO. 

Salicylate  of  Methyl  (Oil  of  Wintergreen)  Cu  H*  O5,  C,  H,  O. 

Naphthaline Cn  Hg. 

The  artificial  formation  of  urea,  lactic  acid,  and  caproic  add,  is 
interesting  in  connection  with  certain  functions  of  the  animal  eco- 
nomy. Pine-apple  oil,  pear  oil,  and  apple  oil,  are  instances  of  the 
artificial  production  of  the  delicate  flavours  of  fruit,  whilst  oil  of 
wintergreen  and  nitrobenzole  are  like  examples  of  the  formation  of 
esteemed  perfumes.  But  of  all  the  bodies  hitherto  thus  produced, 
alcohol,  glycerine,  and  sugar,  are  undoubtedly  the  most  deeply 
interesting,  owing  to  the  part  they  take  in  the  nutrition  of  animals  : 
they  prove  to  us  the  possibility  of  producing,  without  vegetation  or 
any  vital  intervention,  an  important  part  of  the  food  of  man. 
Should  the  chemist  also  succeed  in  forming  artificially  the  nitro- 
genous constituents  of  food,  without  which  life  cannot  be  main- 
tained, it  would  then  be  ]^08S\\A<&  Cot  a  man^  placed  upon  a  barren 
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by  the  force  of  the  wind,  and  our  carriages  by  animal  power,  than 
to  employ  steam  power  for  these  purposes.  We  do  not  find  it 
desirable  to  wait  for  the  bleachiifg  of  our  calicoes  by  the  sun's  rays ; 
and  even  the  grinding  of  com  is  no  longer  entirely  confided  to 
wind  and  water  power. 

lu  iuch  cases,  where  contemporaneous  natural  agencies  have  been 
superseded,  we  have  almost  invariably  drawn  upon  that  grand  store 
of  force  collected  by  the  plants  of  bygone  ages,  and  conserved  in 
our  coal  fields.  It  is  the  solar  heat  of  a  past  epoch  that  furnishes 
the  power  which  we  now  utilise  in  our  steam-engines.  One  im- 
portant element  in  cheap  production  is  Hme^  and  it  b  precisely  in 
regard  to  this  element,  that  we  economically  supersede,  in  the 
above  instances,  the  contemporary  resources  of  nature.  Now  time 
is  also  an  important  element  in  the  natural  production  of  food ; 
and  although  it  is  true,  that  the  amount  of  labour  required  for  the 
production  of  a  g^veu  weight  of  food  is  not  considerable,  yet  it  is 
nevertheless  true  that  this  weight  requires  a  whole  year  for  its  pro- 
duction. By  the  vital  process  of  producing  food  we  can  only  have 
one  harvest  in  each  year.  But  if  we  were  able  to  form  that  food 
from  its  elements  without  vital  agency,  there  would  be  nothing  to 
prevent  us  from  obtaining  a  harvest  every  week  ;  and  thus  we  might, 
in  the  production  of  food,  supersede  the  present  vital  agencies  of 
nature,  as  we  have  already  done  in  other  cases,  by  laying  under 
contribution  the  accumulated  forces  of  past  ages,  which  would  thus 
enable  us  to  obtain  in  a  small  manufactory,  and  in  a  few  days, 
efiects  which  can  be  realized  from  present  natural  agencies,  only 
when  they  are  exerted  upon  vast  areas  of  land,  and  through  con- 
siderable periods  of  time. 

[E.F.] 


WEEKLY  EVENING  MEETING, 

Friday,  June  4. 

The  Duke  op  Noktiiumberland,  K.G.  F.R.S.  President, 

iu  the  Chair. 

John  Tyndaix,  Eeq.  F.R.S. 

PBOrxasOE  of  KATTTSAL  FBILOBOPUT,  BOTAL  nCBTITCTIOir. 

On  the  Mer-de- Glace. 

A  POBTiON  of  a  series  of  observations  made  upon  the  Mer-de-Glace 
of  Chamouni  during  the  months  of  July  and  August  last  year 
formed  the  basis  of  this  discourse. 
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GENERAL  MONTHLY  MEETING, 
Monday,  June  7. 

The  Lord  Ashbubtox,  D.C.L.  F.R.S.  Vice-President, 

in  the  Chair. 

Professor  Thomas  Minchin  Goodeve,  M.A. 
James  Johnston,  Esq. 
Mrs.  Portlock,  and 
Miss  Anne  Swanwiek. 

were  duly  elected  Members  of  the  Royal  Institution. 

The  following  Presents  were  announced,  and  the  thanks  of  the 
Members  returned  for  the  same  :  — 

From 
Hon,  East  India  Company — Bombay  Obseryations  for  1856.    4to.     1857. 
Airift  O,  B.  F.R,S.  (Astronomer- Royaiy—DescnpdoD  of  the  Galyanic  Chro- 

Dographic  Apparatus  at  the  Royal  Ob«eryatory,  Greenwich.    4to.     1858. 
Attronomical  Society,  Royal — Monthly  Notices,  May,  1858. 
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The  value  of  the  public  recognition  of  science  as  a  leading 
branch  of  education,  may  be  estimated  in  a  very  considerable  degree 
by  observation  of  the  resulta  of  the  education  which  it  has  obtained 
incidentally  from  those,  who  pursuing  it,  have  educated  themselves. 
Though  men  may  be  specially  fitted  by  the  nature  of  their  minds 
for  the  attainment  and  advance  of  literature,  science,  or  the  fine 
arts,  all  these  men,  and  all  others,  require  first  to  be  educated  in  that 
which  is  known  in  these  respective  mental  patlis  ;  and  when  they 
go  beyond  this  preliminary  teaching,  they  require  a  self-education 
directed  (at  least  in  science)  to  tiie  highest  reasoning  power  of  the 
mind.  Any  part  of  pure  science  may  be  selected  to  show  how 
much  this  private  self- teaching  has  done,  and  by  that  to  aid  the 
present  movement  in  favour  of  the  recognition  generally  of  scientific 
education  in  an  equal  degree  with  that  which  is  literary ;  but  perhaps 
electricity,  as  being  the  portion  which  has  been  left  most  to  its  own 
development,  and  has  produced  as  its  results  the  most  enduring 
marks  on  the  face  of  the  globe,  may  be  referred  to.  In  1800,  Volta 
discovered  the  voltaic  pile  ;  giving  a  source  and  form  of  electricity 
before  unknown.  It  was  not  an  accident,  but  resulted  from  his 
mental  self-education :  it  was,  at  first,  a  feeble  instrument,  giving 
feeble  results ;  but  by  the  united  mental  exertions  of  other  men, 
who  educated  themselves  through  the  force  of  thought  and  experi- 
ment, it  has  been  raised  up  to  such  a  degree  of  power  as  to  give  us 
light,  and  heat,  and  magnetic  and  chemical  action,  in  states  more 
exalted  than  those  supplied  by  any  other  means. 

In  1819,  Oersted  discovered  the  magnetism  of  the  electric  cur- 
rent, and  its  relation  to  the  magnetic  needle ;  and  as  an  immediate 
consequence,  other  men,  as  Arago  and  Davy,  instructing  themselves 
by  the  piartial  laws  and  action  of  the  bodies  concerned,  magnetized 
iron  by  the  current.  The  results  were  so  feeble  at  first  as  to  be 
scarcely  visible  ;  but,  by  the  exertion  of  self-taught  men  since  then, 
they  have  been  exalted  so  highly  as  to  give  us  magnets  of  a  force 
unimaginable  in  former  times. 

In  1831,  the  induction  of  electrical  currents  one  by  another,  and 
the  evolution  of  electricity  from  magnets  was  observed, — at  first  in 
results  so  small  and  feeble,  that  it  required  one  much  instructed  in 
the  pursuit,  to  perceive  and  lay  hold  of  them;  but  these  feeble 
results,  taken  into  the  minds  of  men  already  partially  educated  and 
ever  proceeding  onwards  in  their  self-education,  have  been  so  deve« 
loped,  as  to  supply  sources  of  electricity  independent  of  the  voltaic 
battery  or  the  electric  machine,  yet  having  the  power  of  both,  com- 
bined in  a  manner  and  degree  which  they,  neither  separate  nor 
together,  could  ever  have  given  it,  and  applicable  to  all  the  prac- 
tical electrical  purposes  of  life. 

To  consider  all  the  departments  of  electricity  fully,  would  be 
to  lose  the  argument  for  its  fitness  in  subserving  education,  in  the 
vastness  of  its  extent ;  and  it  will  be  better  to  confine  the  attention 
to  one  application,  as  the  electric  telegraph,  and  even  to  one  small 
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mind  becomes  comprehensive.  It  teaches  to  deduce  principleB 
carefully,  to  hold  them  firmly,  or  to  suspend  the  judgment : — to  dis- 
cover and  obey  law^  and  by  it  to  be  bold  in  applying  to  the  greatest 
what  we  know  of  the  smallest.  It  teaches  us  first  by  tutors  and 
books  to  learn  that  which  is  already  known  to  others,  and  then  by 
the  light  and  methods  which  belong  to  sdence  to  learn  for  our- 
selves and  for  others ; — so  making  a  fruitful  return  to  man  in  the 
future  for  that  which  we  have  obtained  from  the  men  of  the  past. 
Bacon,  in  his  instruction,  tells  us  that  the  scientific  student  ought  not 
to  be  as  the  ant  who  gathers  merely,  nor  as  the  spider  who  spins 
from  her  own  bowels,  but  rather  as  the  bee  who  both  gathers  and 
produces. 

All  this  is  true  of  the  teaching  afforded  by  any  part  of  phyncal 
science.  Electricity  is  often  called  wonderful — beaiutiful ; — but  it 
b  so  only  in  common  with  the  other  forces  of  nature.  The  beauty 
of  electricity,  or  of  any  other  force,  is  not  that  the  power  is  myste* 
rious  and  unexpected,  touching  every  sense  at  unawares  in  turn,  but 
that  it  is  under  law^  and  that  the  taught  intellect  can  even  now 
govern  it  largely.  The  human  mind  is  placed  above,  not  beneath 
it ;  and  it  is  in  such  a  point  of  view  that  the  mental  education 
afforded  by  science  is  rendered  supereminent  in  dignity,  in  practical 
application,  and  utility  ;  for,  by  enabling  the  mind  to  apply  the 
natural  power  through  law,  it  conveys  the  gifts  of  God  to  man. 

[M.  F.] 


GENERAL   MONTHLY   MEETING, 

Monday,  July  5. 


The  Lord  Ashbukton,  D.C.L.  F.K.S.  Vice-President, 

in  the  Chair. 

James  Don,  M.D. 
was  duly  elected  a  Member  of  the  Royal  Institution. 

Robert  Tait,  Esq. 
was  admitied  a  Member  of  the  Royal  Institution. 

The  Secretary  announced,  That  the  Managers  had  appointed 
PROFEiSOK  Richard  Owen,  D.C.L.  F.R.S.  to  be  FuUerian  Pro- 
fessor of  Physiology,  on  June  14th  last. 
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